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^pervisors  and  deputy  marshals  in 

Elliott,  George  F.,  letter  of  the  Secretary  of  Treasury  in  refer- 
ence to  relief  of  sureties  of 

Engineers,  annual  report  of  Chief  of,  in  four  parts — 

(Vol.  2,  part  1) 

(Vol.  2,  part  2) 

(Vol.2,  part 3) 

(Vol.  2,  part  3) 

Envelopes.    (5ee  Postal  service.) 

.  F. 

Falls  of  Saint  Anthony,  report  of  Secretarj  of  War  on  condition  of. 

Fees.    {See  Courts  of  the  United  States.) 

Tifth  Aaditor  ofTreasaiy  Department,  annual  report  of 
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INDEX   TO   EXECUTIVE   DOCUMENTS. 


Sabject. 


First  Aseistant  Poetmaster-General,  annual  report  of 

First  Auditor  of  Treasury  Department,  annual  report  of 

First  Comptroller,  annual  report  of 

annual  report  of  Treasurer  on  accounts  settled 

by 

Flathead  Indian  Reservation.    (jSae  Indians.) 
Foreign  commerce.    (See  Commerce  and  Navigation.) 

Foreign  mail  service,  report  of  superintendent  of 

Foreign  relations  of  the  united  States,  papers  relating  to 

Forest  Grove,  Oreg. ,  estimate  for  Indian  school  at 

Fort  Monroe,  estimate  for  purchase  of  additional  land  at 

Fort  Point,  Boston  Harbor,  Massachusetts)  report  of  engineers  on 

survey  of  channel  at 

Fort  Smith,  Ark. ,  letter  of  Attomey-Goneral  relative  to  jail  at .... . 
Fort  Wayne,  Ind.,  letter  from  Secretary  of  Treasury  relative  to 

an  increased  limit  of  cost  of  public  building  at 

Fourth  Auditor  of  Treasury  Department,  annual  report  of 

French  and  American  Claims  Commission : 

Report  of  Secretary  of  State  relative  to 

French  spoliation  claims,  estimate  of  expenses  for  obtaining 

G. 

General  Land  Office,  annual  report  of  Commissioner  of  (vol.  1).. 

Geographical  Congress,  report  on  the  Third,  held  at  Venice,  Italy. 

Geological  Survey,  annual  report  of  Director  of  (vol.  3) 

Georgia  Shoals,  Massachusetts,  letter  of  Secretary  of  Treasury  rel- 
ative to  examining 

Gibbon,  Col.  John,  annual  report  of  (vol.  1) 

Gloucester,  Mass.,  report  of  engineers  on  survey  of  harbor  at 

Government  Printing  Office,  letter  of  Secretary  of  Treasury  ask- 
ing an  appropriation  for  removal  and  storage  of  material  at.. . 

Grant  A>  Co.,  letter  of  Secretary  of  Treasury  relative  to  paying 
interest  on  judgment  in  favor  of 

Greoly  Relief  Expedition,  message  of  President  recommending 
return  of  steamer  Alert  to  Great  Britain 

Green  River,  Kentncky,  report  of  engineers  on  survey  of 

Gun  factory,  estimates  of  Secretary  of  Navy  for  erection  of 

Gutt^nberg,  Iowa,  report  of  engineers  on  survey  of  Miss  ssippi 
River,  near 

H. 

Hampton  Institute,  Virginia,  letter  of  Secretary  of  Treasury  rela- 
tive to  appropriations  for 

Hancock,  Miy.  Gen.  W.  S.,  annual  report  of  (vol.  1 ) 

Harbors  of  Refuge : 

Letter  from  Chief  of  Engineers  relative  to  construction  of 

one  at  Sandy  Bay,  Mass 

Report  of  engineers  on  survey  for  one  at  Ludington,  Mich.. 
Harrisonburg,  Va.,  letter  from  Secretary  of  Treasury  relative  to 

public  building  at 

letter  of  Secreta^  of  Treasury  relative  to  ap- 
propriation for  public  building  at 

Hell  Gate,  New  York,  rei>ort  of  Secretary  of  War  on  application 

of  appropriation  for  improvement  of 

Hingham  Harbor,  Massacnusetts,  report  of  engineers  on  survey  of. 
Hot  Springs,  Ark.,  estimates  for  completion  of  Anny  and  Navy 

hospital  at 

estimates  for  improvements  at 

Hunting^n,  N.  Y.,  report  of  engineers  on  snrvev  of.... 

Hyannis,  Mass.,  report  of  engineers  on  survey  of  harbor  at 
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INDEX  TO  EXECUTIVE  DOCUMENTS. 


IX 


Sabject. 


I. 

ImiM>rt  dntiee,  annaal  report  of  ref ands 

Inaian  Affain,  annual  report  of  CommisBioner  (yoI.  2) 

Indian  Bureau,  report  on  open  market  expenditures 

estimate  of  deficiency  appropriations  for 

supplementary  estimates  of  appropriations  for. .. 
Indian  Department,  tabular  statements  of  disbursements  made 

for  year  ending  June  30,  1884 

Indian  depredation  claims,  abstract  sbowing  nature  and  amount 

of  all  claims  reported  since  Febru- 
ary 80, 1884 

report  of  Secretary  of  Interior  on . . . 

(supplemental  report  No.  2  on 

No.  3  on 

Indian  schools,  estimate  of  appropriation  for  school  at  Flathead 

Agency 

estimati'  for  appropriation  for  school  at  Forest 

Grove,  Oreg 

letter  from  toe  Secretary  of  Interior  relative  to 

disbursement  of  funds  for  support  of 

letter  of  Secretary  of  Treasury  relative  to  purchas- 
ing property  for 

Indians,  Cherokees,  estimates  for  removing  East-em  band  of 

Devil's  Lake  Keservatiou,  letter  from  Secretary  of  In- 
terior relative  to  granting  right  of  way  to  Jamestown 

and  Northern  Railroad  through 

Flathead  Reservation,  letter  of  Secretary  of  Interior 
relative  to   an   appropriation   for  Catholic   mission 

schools 

Meecalero  Reservation,  letter  from  Secretary  of  Treasury 

relative  to  purchase  of  improvements  within 

Nez  Perc^,  estimate  for  removal  of 

Omaha,  estimate  to  pay  expenses  of  selling  lands 

Osage,  letter  of  Secretary  of  Treasury  relative  to  claim 

or  Captain  &  Co.  for  supplies  furnished  to 

Zufii  Reservation,  letter  from  Secretary  of  Interior  rel- 
ative to  claims  to  portions  of 

Infantry.    {See  Army,) 
Iron-clads.    (iSceNavy.) 

Inspector-Oeneral,  annual  report  of  (vol.  1) 

Injector-General's  Department,  message   from    President  re- 

tumingbill  (H. R.  1017)  relative  to , 

la terior  Department y  statement  of  the  expenditure  of  the  con- 
tingent funds  oT  the  several  bnureas  of  the 

Interior,  Secretary  of.    {See  Secretary  of  the  Interior.) 
Internal  commerce 

Internal  Revenue,  annual  report  of  Commissioner  of 

Internal-revenue  collectors,  estimates  to  pay  certain 

Internal-revenue  taxes,  letter  of  Secretary  of  Treasunr  relative 

to  eommissions  withheld  from  purchasers  of  private  die-stamps 
International  Geographical  Congress.     ( See  Venice. ) 

International  Meridian  Conference,  report  of  proceedings  of 

Iqnique.  Peru,  letter  of  Secretary  of  State  relative  to  burning  of 

consulate  at • 

J. 

Jamestown  and  Northern   Railroad,  letter  of  Secretary  of  In- 
terior relative  to  right  of  way  through  Devil's  Lake  Indian 

Beaervation  to 

Japan,  estimates  of  appropriation  to  pay  interpreter  of  United 

States  legation  in 

message  of   President  relative  to  donation  of  ground  for 
United  Statetf  JegBtioa  in 
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Subject. 


JefCerson  Cit^,  Mo.,  letter  of  Secretary  of  Treaearj  on  iucreadDg 

appropriation  for  pablic  bailding  at 

Jnoge-Adyocate  General,  annual  report  of  (toI.  1) 


K. 

Kansas  City,  Mo.,  letter  of  Secretary  of  Treasury  on  additional 

appropriation  for  public  building  at 

Ker,  W.  W.,  letter  of  Secretary  of  Treasury  relative  to  paying, 

for  services 

Key  West,  Fla.,  letter  from  Secretary  of  Treasury  relative  to  es- 

tablisbinff  range-light  at 

Kilbonm,  Hallett,  letter  of  Attorney-General  relative  to  paying 

stenographers  in  suit  of 


L. 
Labor  in  Europe,  reports  of  United  States  consuls  on. 


Lac  la  Belle  Harbor,  Michigan,  report  of  engineers  on  survey  of. 
Lake  Champlain,  New  York,  report  of  engineers  on  survey  of, 

near  Four  Channels 

Land  laws,  estimate  of  appropriations  from  Secretary  of  Treas- 
ury for  printing .' 

Lawrenceburg,  Ind.,  report  of  engineers  on  survey  of  harbor  at. 

Lewis  River,  report  of  engineers  on  survey  of 

Light-House  Board,  letter  recommending  establishment  of  a 

range-light  at  Key  West,  Fla 

letter  relative  to  burning  of  light-house 

•   tender  Lily -. 

estimate   for   completing    light-house   at 

mouth  of  Detroit  River 

Lights,  estimate  for  completing  light-house  at  mouth  of  Detroit 

River 

estimate  of  appropriation  for  Abescom  and  Cape  May 

stations 

report  of  Secretary  of  Treasury  relative  to  additional, 

in  Narraganset  Bay 

Lily  (light-house  tender) : 

letter  of  Secretary  of  Treasury  relative  to  burning  of 

Claims  for  losses  by  burning  of 

Longitude.    ($e0  International  Meridian  Congress.) 
Louisville,  Ky.,  letter  from  Secretary  of  Treasury  on  additional 

appropriation  for  public  building  at 

Ludington,  Mich.,  report  of  engineers  on  survey  of  harbor  at.. . 

M. 
\ 

Mail  contractors.     (See  Postal  service.) 
Mail  contracts.    (<Sm  Postal  service.) 

Male,  J.  T.,  estimate  of  appropriation  to  pay 

Marine  Corps,  report  of  the  commandant  (vol.  1) 

Meridian.    (S^e  International  Meridian  Conference. ) 

Merritt,  Col.  W.,  annual  report  of  (vol.  1) 

Mescalero  Indian  Reservation.     (See  Indians.) 

Messageries  Maritime  Ship  Company,  estimate  to  pay  claim  of.. . 

Miles,  Brig.  Gen,  N.  A.,  annual  report  of  (vol.  1 )....' 

abstract  of  the  militia  force  of  the  United  States 

Militia,  reports  on  (vol.  1) 

Military  Academy,  West  Point,  report  of  Board  of  Visitors  to 

(vol.1) 

estimates  for  building  quarters  at 

petition  of  cadets  relative  to  civilian  appoint- 
ments to  Army 

JfJJJ^r^estAWiBhmeDt,  statement  of  expenditures  from  the  appro- 
priatioD  for  the  contingent  expenses  of  the 
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INDEX   TO   EXECUTIVE   DOCUMENTS: 


XI 


Subject. 


Military  prison,  reports  on  (vol.  1) 

Minneapolis,  Minn.,  letter  of  Secretary  of  Treasury  relative  to 

appropriation  for  public  building  at 

Mint,  annual  report  of  the  Director  of  the 

production    of     precious 

metals 

Mississippi  River,  report  of  engineers  on  survey  near  Gnttenberg, 

Iowa 

MisuBsippi  River  Commission,  annual  report  for  1884  of  the 

Miflsonn,  Kuisas  and  Pacific  Railroad,  papers  in  claim  of 

MobUCy  Ala.,  report  of  engineers  on  survey  of  river  and  harbor  at. 
Monahan,  Thomas,  report  of  Secretary  of  State  on  arrest  in 

Mexico  of. 

Money-order  system,  annual  report  of  Superintendent  of  the 

N. 


Kapa  River,  report  of  euffineerB  on  survey  of 

Narraf^set  Bay,  Rhode  Island,  report  of  Secretary  of  Treasury 

relative  to  additional  lights  in 

Matalbany  River,  Louisiana,  report  of  engineers  on  survey  of.  ^. . 
National  nank  notes,  supplementary  estimate  of  Secretary  pf  the 

Treasury  for  printing 

National  Board  of  Hecdth,  annual  report  for  ld84 


Naval  Academy,  annual  report  of  tbe  superintendent  of  (vol.  1). . 

report  of  Secretary  of  Navy  on  death  of  F.  S. 

Strang  at 

Naval  Advisory  Board,  letter  of  Secretary  of  Navy  on  ezpendi- 

toresof 

Naval  Observatory,  estimates  for  contingent  expenses  of 

Navy  :  annual  report  of  the  Snrgeon-Oeneral  of  the  (vol  2) 

letter  from  Secretary  of  Treasury  transmitting  estimates 

to  pay  contractors  for  use  of  yards  by  iron-clads  of 

Bureau  of  Medicine  and  Surgery  (vol.  2) 

acting  rear-admirals :  report  of  Secretary  of  Navy  on  power 

to  appoint  

vensels  for :  letter  from  Secretary  relative  to  appropriation 

for  machinery  for  now  cruisers 

Navy  Department : 

Annual  report  on  civil  employes  of ^ 

Estimate  of  appropriation  lor  additional  messenger  in 

of  appropriations  for  gun  factory  for 

Statementof  the  expenditures  of  contingent  funds  for  1884 

for 

Navy,  Secretary  of.    (See  Secretary  of  the  Navy. ) 
Navy.yard,  letter  from  Secretary  of  Treasury  trausmittiug  esti- 
mates for  buildings  at  Norfolk,  Va 


New  England  Transportation  Company,  estimate  to  pay  damages 

for  collision  with  steamer  Talapoosa 

New  Orleans  Exposition : 

Estimate  of  expenses  for  naval  vessels  in  attendance  at 

Estimates  for  atlditional  appropriation  for 

Message  of  President  relative  to  additioual  appropriation  for. 
New  York  City,  report  of  .Secretary  of  War  on  improvements  of 

harbor  of 

Nez  Perc6  Indians.     {See  Indians.) 

Norfolk  navy-yard,  entimate  for  buildiug.s  at 

(). 

Ohio  River,  report  of  engineers  on  survey  of  bar  opposite  mouth 

of  Licking  River 

Omabas.    (j!ee Indians.) 

Ordnance,  annual  report  of  Chief  of  ( vol.  3) 

Osages.  (iSeelndians.^ 

OtJJi,  Co7,  E.,  aBoaaJ  report  of  (vol  1) 
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Snbject. 


P. 

Pasquotank  Riyer,  report  of  enffineeiB  on  survey  of 

Pawcatuck  River,  Rhode  Island^  report  of  engineers  on  survey  of. 

Paymaster-General,  annual  report  of  (vol  1) 

Penalty  envelopes,  estimates  for  purchase  of 

Pensacola,  Fla.,  report  of  engineers  on  survey  of  harbor  at 

Pension  attorneys,  report  of  Secretary  of  Interior  on  fees  of 

Pension  Office  building,  estimates  for  gas  pipes  for 

of  appropriation  for  comple- 
tion of 

Pensions,  annual  report  of  Commissioner  of  (vol.  1) 

Pleuro-pueumonia.     (/See  Anim&ls.) 

Pocomoko  River,  report  of  eugmeers  on  survey  of 

Point  Barrow  Expedition,  report  of  Secretary  of  War  on 

Pope,  Maj.  Gen.  John,  annual  report  of  (vol.  1 ) 

Porter,  Fitz-John,  message  from  President  with  copy  of  appeal  of. 
Portsmouth,  N.  H., report  of  engineers  on  survey  of  harbor  at.. . 
Postaee  stamps,  letter  of  Postmaster-General  relative  to  bids  for. 

Postal  service,  annual  report  of  proposals  accepted 

special 

on  additional  allowances  made  to 

contractors 

estimates  of  the  appropriations  for  year  ending 

June  30,  1886 

estimates  to  supply  deficiencies  in  appropriations 

for 

letter  from  Postmaster-General  relative  to  mail 

contracts 

letter  of  Postmaster-General  relative  to  annul- 
ment of  contracts  for  official  envelopes 

Postmaster-General,  annual  report,  in  1  volume,  embracing  re- 
ports of— 

The  Postmaster-General 

Auditor  of  the  Treasury  for  the  Post-Offlce  Department.. . 
Letters  from,  relative  to — 

Api)ropriation8,  estimate  for  deficiency 

Claims  of  postmasters,  list  of  claims  allowed  and  disallowed 

from  December  1,  1883,  to  December  1,  1884 

Mail  service,  annual  report  on  contracts  made  for 

annual  report  on  additional  allowances  to, 

contractors 

annual  report  of  special 

Official  envelopes  relative  to  annulment  of  contracts  for.. 
Penalty  envelopes,  transmitting  estimates  for  purchase  of. . 
Post-Office  Department,  annual  report  on  expenditure  of 

contingent  fund 

Postage  stamps,  relative  to  bids  for 

Postmasters,  list  of  claims  for  loss  by  burglary,  fire,  or  other 
causes  allowed  and  disallowed  from  December  1,  1883,  to  De- 
cember 1, 18«4 

Post-Offlce  Department,  annual  report  on  expenditure  of  con- 
tinent fund 

additional  estimates  of  appropriation  for 

money  order  division 

estimate  for  office  of  Auditor  of 

letter  from  Postmaster-General  relative 
to  purchase  of  free  penalty  envelopes. . 
letter  of  Secretary  or  Treasury  relative 

to  paying  ante-bellum  warrants 

Ponghkeensie,  N.  Y.,  letter  from  S^retary  of  Treasury  relative 

to  oompletiuff  public  building  at 

Powow  River,  Massachusetts,  report  of  engineers  on  survey  of. .. 
Freoioua  metals,  annual  report  on  production  of 
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XIll 


Sabjeot. 


PlMident  of  the  United  States,  communications  from — 

Annaal  Message  and   accompanying  docnments,  second 

session,  Forty-eighth  Congress 

Alert  (steamer),  recommending  return  to  Great  Britain •... 

Civil  Service  Commission,  annual  report  of 

California  and  Oregon  Railroad,  relative  to  appointment  of 

commissioners  to  examine 

Inspector-General's  Department,  returning  bill  (H.  R.  1017) 

relative  to * 

National  Board  of  HealUi,  transmitting  annual  report  of. . 
New  Orleans  Exposition,  relative  to  additional  appropri- 
ation for 

Porter,  Fitz-John,  copy  of  appeal  of 

Union  Pacific  Railway  Company,  report  of  Government 

directors  of 

Transmits,  by  message,  communications,  &c.,  from — 
Po9tm4uter'  General : 

First  Assistant  Postmaster-General 

Second  Assistant  Postmaster-General 

Superintendent  of  foreign  mails 

of  the  money-order  system 

of  Railway  Mail  Service 

Third  Assistant  Postmaster-General 

Topographer  of  the  Post-Offlce  Department 

SeereUtjf  of  Navy : 

Acting  rear  admirals,  relative  to  appointment  of 

Seerelarif  of  State : 

Buenoe  Ayres,  relative  to  consul  at 

Collisions  at  sea,  report  in  regard  to  preventing 

Congo  Conference,  relative  to 

Consular  service,  report  on 

Corea,  relative  to  detailing  Army  officers  for  military  in- 
structors in 

French  and  American  Claims  Commission,  report  relative  to. 

International  Meridian  Conference,  transmitting  proceed- 
ings of 

Japan,  relative  to  donation  of  ground  for  United  States 

legation  in 

Monahan,  T.  J.,  report  on  arrest  in  Mexico  of 

Santos,  Julio  R.,  report  relative  to  arrest  in  Ecuador  of. . . 

South  American  Commissioners,  annual  report  of 

Private  die-stamps,  letter  of  Secretary  of  Treasury  relative  to 

•ommissions  withheld  from  purchasers  of 

Private  land  claims,  New  Mexico: 

Report  of  Secretary  of  Interior  on  claim  of  Antonio  de  Sal- 

azar,  No.  132 

Report  of  Secretary  of  Interior  on  claim  of  Sebastian  de 

Vargas,  No.  i:i7 

Report  of  Secretary  of  Interior  on  Cafiada  de  Cochite  grant, 

No.  135 

Fablie  buildings,  letter  from  Secretary  of  Treasury  relative  to 

Eurchase  of  site  and  erection  of,  at  Harrison - 
urg,  Va 

letter  from  Secretary  of  Treasury  relative  to 
completing  post-office  building  at  Pough- 

keepsie,  N.  Y. 

letter  of  Secretary  of  Treasury  relative  to  addi- 
tional appropriations  for 

letter  of  Secretary  of  Treasury  relative  to  sal- 
ary of  iuHpector 

letter  of  Secretary  of  Treasury  relative  to  ap- 
propriation for  repairs  of 

Pablic  buildings  and  grounds.  Washiueton,  D.  C,  report  of  offi- 
cer in  charge  of  new  State,  War,  andNBvy  bnildiog  (vol,  1) 
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XIV 


INDEX   TO   EXECUTIVE   DOCUMENTS. 


Sabject. 


Public  docaments,  annual  report  of  Secretary  of  Interior  on  dia- 
tribntion  of 

Public  lands,  list  of  soapended  entrien  of  lands  acted  upon  by  tbe 
Board  of  Equitable  Adjudication >. 

Puyidlnp  River,  report  of  enfrineers  on  surrey  of 


Q. 

Quartermaster-General,  annual  report  of  (vol.  I) 

Quincy  Bay,  Illinois,  report  of  engineers  on  survey  of  Whipple 
Creek  in 


R. 

Railroads.    {See  also  uuder  head  of  respective  corporatious. ) 

annual  report  of  Commissioner  of  (vol.  1) 

Railway  Mail  Service,  annual  report  of  the  Superintendent  of  the. 
Rebellion  Records.    {See  also  Records  of  the  Rebellion)  (vol.  1).. 

Receipts  and  expenditures,  annual  report  for  1880 

Records  of  the  Rebellion,  report  of  officer  in  charge  of  publication 

(vol.  1) 

report  of  Secretary  of  War  on  distribu- 
tion of - 

Red  River,  report  of  engineers  on  survey  of 

Register  of  Treasury,  annual  report  of .'. 

Rice,  8.  P.,  letter  of  Secretary  of  Treasury  relative  to  paying 

claim  of .' 

Right  of  way,  letter  fh>m  Secretary  of  Interior  relative  togrant- 
ing  same  to  Jamestown  and  Northern  Railroad  through  Devil's 

Lake  Indian  Reservatiou 

Rivers  and  harbors.     {See  also  under  head  of  respective  names  of 

rivers.) 
report  of    Secretary  of  War  on    improve- 
ments of ' 

letter  of  Secretary  of  War  relative  to  mis- 
use of  piers  and  breakwaters 

Rock  Island  Arsenal,  letter  of  Secretary  of  War  relative  to  ap- 
propriations for  water-power  pool  at 

S. 

Suint  Joseph,  Mo.,  letter  from  Secretary  of  Treasury  on  addi- 
tional appropriation  for  public  building  at 

Saint  Joseph's  River,  Idaho,  repoit  of  engineers  on  survey  of 

Saint  Louis  River  and  Bay,  Wisconsin,  report  of  engineers  on 
survey  of 

Salmon  River,  New  York,  report  of  engineers  on  survey  of 

Sandy  Bay,  Massachusetts,  letter  of  Secretary  of  War  relative  to 
constructing  harbor  of  refuge  at 


Santos,  Julio  R.,  letter  from  Secretary  of  State  relative  to  arrest 
in  Ecuador  of '. 

Saranac  River,  reports  of  engineers  on  survey  of 

Sault  Sainte  Mary  Canal,  letter  from  Secretary  of  War  with  re- 
port of  engineers  on  lockage  at 

Scajacuada  Creek,  New  York, report  of  engineers  on  survey  of.. 

Schoiield,  Maj.  Gen.  J.  M.,  annual  report  of  (vol.  I ) 

Scioto  River,  Ohio,  report  of  engineers  on  survey  of 

Second  Assistant  Postmaster-General,  annual  report  of 

Second  Auditor  of  Treasury  Department,  annual  report  of. 

letter  asking  addition- 
al   accommodations 

for  office 

Second  Comjitroller  of  Treasury  Department,  annual  report  of. . 
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XV 


Snbject. 


Seeretary  of  the  Interior : 

Annual  report  of,  in  4  volniueH,  embracing  reports  from — 

The  Secretary  (vol.  1; 

Commissioner  of  the  General  Liand  Office  (vol.  1) 

Commissioner  of  Education  (vol.  4) 

Commissioner  of  Indian  Affairs  (vol.  2) 

Commissioner  of  Pensions  (vol.  1.) 

Commissioner  of  Railroads  (vol.  1) 

Director  of  Geological  Survey  (vol.  3) 

Letters  from,  relative  to^ 

Bureau  of  Catholic  Missions,  asking  appropriations  for.... 
California  and  Oregon  Railrosd,  relative  to  appointment  of 

commissioners  to  examine 

Contingent  fund,  statement  of  the  expenditure  of  the  funds  ' 
of  the  several  bureaus  of  the  Interior  Department  for 

year  ending  June,  1884 

Indian  depredation  claims : 
Abstract  showing  the  nature,  character,  and  amount  re- 
ported since  February  20,  1884 

Abstract  of  claims  since  December  10,  1B84,  to  January 

13,1885 

Supplemental  report  No.  2,  on 

No.  3,  on 

Indian  schools,  relative  to  disbursement  of  funds  for  sup- 
port of 

Indian  service,  statement  of  open  market  expenditures  for, 

fromFebrnaiv  1, 1^84,  to  J  une  30,  1H84 

Jamestown  and  Northern  Railroad,  in  regard  to  granting 
right  of  way  through  Devil's  Lake  Indian  Reservation 

to 

Pension  attorney,  relative  to  fees  of 

Private  land  claims,  report  relative  to  claim  of  Autonio  de 

Salazar,  No.  132 

on  claim  of  Sebastian  de  Vargas, 

No.  137 

on   Caflada  de  Cochite  grant 

No.  135,  New  Mexico 

Public  documents,  annual  report  on  distribution  of 

Public  lands,  liHt  of  suspended  entries  of  lands  acted  upon 

by  Board  of  Adjudication 

Znfii  Indian  Reservation,  relating  to  alleged  claims  to  por- 
tions of 

Secretary  of  the  Navy  : 

Annual  report  (in  2  volumeH),  embracing  reports  from — 

The  Secretary  ( vol.  1) 

Admiral  of  the  Navy  (vol.  1) 

Advisory  Board  and  its  proceedings  (vol.  1) 

Bureau  of  Construction  and  Repair  (vol.  1 ) 

Equipment  and   Recruiting  (vol.  1) 

Medicine  and  Surgery  ( vol.  2) 

Navigation  (vol.  1 ) 

Ordnance  (vol.  1 ) 

Provisions  and  Clothing  (vol.  1) 

Steam  Engineering  (vol.  1 ) 

Yards  and  Docks  (vol.  1) .• 

Estimates  of  the  Secretary's  office,  and  pay  of  the  Navy 

(vol.  1) ./ 

Marine  Corps  (vol.  I) 

Naval  Academy  (vol.  1). 

Letters  from,  relative  to — 

Acting  rear  admirals,  on  power  to  appoint ;-.*-" 

Compattsex,  relative  to  establishing  stations  for  determining 

errors  in 

Central  America,  relative  to  assistance  rendered  destitute 
American  citizens  in 
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Subject. 


Becretary  of  the  Navy — Continued. 
Lietters  from,  relatiye  to^ 
Contingent  fund,   statement  of  the  expenditures  of,  for 

1883 

Druid  (schooner)^  estimate  tojpay  owners  damages  sustained 

by  collision  with  U.  S.  S.  Powhatan 

Naval  Advisory  Board,  report  of  expenditures  of 

Navy  Department,  annual  report  on  civil  employ^  of 

transmitting  annual  report  on  expendi- 
ture of  contingent  fund  of. 

Strang,  Frederick  S.,  on  death  at  Naval  Academy  of 


Vol.      No. 


Tallapoosa,  relative  to  sinkiue  of. 


correcting  clerical  error  in  report  relative  to 

sinking  of 

Vessels,  relative  to  appropriation  for  machinery  for  new 

cruisers ., 

Secretary  of  State : 

Annual  report  upon  foreign  relations 


Labor  in  Europe,  transmitting  consular  reports  on 


Collisions  at  sea,  in  reference  to  international  regulations 
for  preventing 

Congo  Conference,  report  relative  to 


Consular  and  diplomatic  service,  report  on 

Contingent  fund,  statement  of  disbursements  for  year  end- 
ing June  30,  1884,  of  the  State  Department 


French  and  American  Claims  Commission,  report  relative  to. 

International  Meridian  Conference,  report  of  proceedings. . 

Iquique,  Peru,  relative  to  burning  of  consulate  at 

Japan,  relative  to  donation  of  ground  for  United  States  le- 
gation in 

Mouahan,  Thomas  R.,  on  arrest  in  Mexico 

Santos,  Julio  R.,  relative  to  arrest  in  Ecuador  of 
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21 
28 
21 

27 
27 
27 

28 

28 


South  American  Commissioners,  transmitting  annual  re- 
port, of 

Secretary  of  the  Treasury — 

Annual  report  on  the  finances,  embracing  reports  of— 

The  Secretary,  with  tables 

Annual  report  on  the  state  of  the  financcB  for  the  year  end- 
ing June  30,  1884 

Commisssioner  of  Internal  Revenue 

Comptroller  of  the  Currency ) 

Letters  from,  relative  to — 
Abingdon,  Va.,  relative  to  appropriation  for  public  build- 
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21 

28 

28 
27 
27 
29 
29 


ing  at. 
laska,  r 


Alaska,  relative  to  fitting  up  a  public  building  m 

relative  to  pay  of  civil  officers  in 

relative  to  enforcement  of  laws  in 

Appropriations,  estimates  required  for  year  ending  June, 

1886 

supplemental    estimate  for    printing  na- 
tional-bank notes 

estimate  of  deficiencies  for  support  of  cer- 
tain tribes  of  Indians 

estimate  for  extra  policemen  for  District 

of  Columbia 

estimate  for  protection  and  improvement 
of  Yellowstone  Park 
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XVII 


Bnbjeot. 


fleeretary  of  the  Treasury— Continued. 
lietters  from,  relative  to — 
AppropriationB,  estimate  for  deficiency  for  State  Depart- 
ment printing  and  binding 

estimate    for   completing  light-house  at 
month  of  Detroit  River 

estimate  for  school  at  Flathead  Agency... 

estimate  for  gun  factory  for  Navy  Depart- 
meuw 

additional  estimates  for  War  Department 

estimates  for  buildings  on  Coaster's  Har- 
bor Island 

estimates  for  maintaining  public  order  in 
District  of  Columbia 

estimates  to  pay  contractors  for  use  of 
yards  by  iron-dads 

estimate  for  purchase  of  additional  land 
at  Fort  Monroe 

estimate  of  removal  of  Nez  Perc6  Indians 

estimate  for  expenses  of  naval  vessels  at 
New  Orleans  Exposition 

estimate  for  office  of  Auditor  of  Post-Offlce 
Department 

estimate  for  expenses  of   American  and 
Haytien  Claims  Commission 

estimate  for  Contingent  expenses  of  Naval 
Observatory 

estimates  for  building  quarters  at  Military 
Academy ^ 

estimate  to  purchase  history  of  State  De- 
partment  

estimate  for  extra  work  in  division  of  war- 
rants  

estimates  of  deficiencies  for  cnrrent  year. 

estimate  to  pay  claim  of  Messageries  Mar- 
itime Ship  Company 

estimates  to  pay  certain  iutemal-reyenue 
collectors 

estimate  to  purchase  improvements   on 
Mescalero  Indian  Reservation 

estimates  for  buildings  at  Norfolk  navy- 
yard 

estimates   for   Indian   school    at  Forest 
Grove,  Oreg 

estimate  for  expenses  of  selling  Omaha  In- 
dian lands  

estimate  to  pay  damages  for  collision  of 
Steamer  Tallapoosa 

estimate    of    expenses   for   ascertaining 
French  spoliation  claims   

estimate  for  Abescom  and  Cape  May  light 
stations 

additional  estimates  for  money-order  di- 
vision of  Post-Office  Department 

estimates  for  legation  pren^ises  at  Seoul, 
Corea,and  Bankok 

estimates  for  improving  sanitary  condition 
of  Watervliet  Arsenal 

estimates  for  Hampton  Instttnte,  Virginia. 

estimates  for  completing  hospital  at  Hot 
Springs,  Ark 

estimates  for  Bureau  of  Labor  Statistics  .^ 

estimates  for  improvements  at  Hot  Springs, 
Ark 

supplemental  estimates  ot, 

H,  'Bx.  Doc n 
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Subject. 


Secretary  of  the  Treasiiryr-Continaed. 
Letters  from,  relative  to — 
Appropriations,  estimates  for  removing  Eastern  Band  of 

Cherokee  Indians 

estimates  for  gas-pipes  for  new  Pension 

building 

estimates  to  pay  claim  of  J.  R.  Carter.... 
estimate  to  pay  interpreter  to  legation  in 

Japan  

estimates  for  New  Orleans  Exposition 

estimates  for  government  of  Alaska 

estimates  for  completion  of  Pension  Office 

building  ^... 

estimates  for  unpaid  Judgments  of  Court 

of  Claims 

estimates  for  movable  torpedoes 

estimate  to  reimburse  J.  T.  Malo 

estimate  for   sanitary  improvements   at 

Watertown  Arsenal 

Ashnelot  (U.  S.  B,),  relative  to  paying  damages  for  collision 

with 

Boston.  Mass.,  relative  to  an  additional  appropriation  for 

public  building  at 

Buenos  Ayres,  relative  to  the  consul  at.... 

Captain  &  Co.,  relative  to  claim  of 

Charleston,  W.  Va.,  relative  to  increased  appropriation  for 

public  building 

Chinese  immigration,  on  regulations  for  restricting .' 

OlaimSySchedule  showing  list  allowed  by  accounting  officers 

of  the  Treasury 

list  of,  arising  under  act  of  July  4,  1864 

schedule  showing  list  under  exhausted  appropria- 
tions  

Cleveland,  Ohio,  relative  to  additional  appropriations  for 

public  building  at 

Coast  Survey,  annual  report  for  1884 

Coast  and  Geodetic  Survev,  statement  showing  expendi- 
tures made  on  account  or. 

Columbus,  Ohio,  relative  to  public  building  at 

Council  Bluffs,  Iowa,  relative  to  public  building  at 

Court  of  Claims,  relative  to  appropriation  for  printing  for . . 
Customs  officers,  transmitting  annual  report  on  emoluments 

of 

Customs  revenue,  in  relation  to  cost  of  collecting 

Des  Moines,  Iowa,  relative  to  public  buildings  at 

Distilled  spirits,  relative  to  removal  and  entry  from  ware- 
houses  

District  of  Columbia,  relative  to  additional  estimates  for 

charitable  institutions  in 

Dubuque,  Iowa,  relative  to  public  building  at 

Duties,  annual  report  of  refund 

Elections,  statement  of  expenditures  for  deputy  marshals 

and  supervisors  of 

Elliott,  George  F.,  relative  to  relief  of  sureties  of 

Fort  Wayne,  Ind.,  relative  to  limit  of  cost  of  public  build- 
ing at 

Georgia  Shoals,  Massachusetts,  relative  to  examination  of. 
*    Grant  &  Co.,  relative  to  paying  interest  on  Judgment  in 

favor  of 

Government  Printing  Office,  in  relation  to  appropriation 

for  the  removal  and  storage  of  material  at 

Harrisonburg,  Va.,  relative  to  erection  of  public  building 

at 

appropriation    for    public 
building  at 
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Subject. 


Seoreiftiy  of  the  Treasary— Continued. 

Letters  from ,  relati  ve  to — 

Indian  Bureau,  supplementary  estimates  of  appropriations 
from  Interior  Department  for  the 

Indian  schools,  relative  to  purchasing  property  for 

Jefferson  City,  Mo.,  relative  to  additional  appropriation 
for  public  building  at 

Kansas  City,  Mo.,  relative  to  an  additional  appropriation 
for  public  building  at 

Ker,  W.  W.,  relative  to  paying  for  services 

Key  West,  Fla.,  relative  to  li^ht  at  Northwest  Passage.... 

Land  laws,  estimate  for  printing 

Lily  (steamer),  relative  to  burning  of 

transmitting  claims  for  losses  by  burning  of. 

LouisviUe,  Ky.,  relative  to  additional  appropriation  for 
public  building  at 

Minneapolis,  Minn.,  relative  to  public  building  at 

Missouri,  Kansas  and  Pacific  Railroad,  relative  to  claim  of. 

Karraganset   Bay,  Rhode  Island,  relative  to  additional 
lights  in 

Navy  Department,  estimate  of  appropriation  for  additional 
messenger  in 

Post-Office  warrants,  relative  to  payins  ante-bellum 

PoQghkeepsie,  N.  Y.,  relative  to  completing  public  build- 
ing at - 

Private  die-stamps,  relative  to  paying  purchasers  of 

Public  buildings,  relative  to  pay  of  inspector 

appropriation  for  repairs  on  .. 

Receipts  and  expenditures,  transmitting  report  for  1883  of. 

Rice,  8.  F.,  relative  to  claim  of 

Saint  Joseph,  Mo.,  relative  to  increased  appropriation  for 
public  building  at 

Second  Auditor,  relative  to  additional  accommodations  for 
office  of 

Silver,  relative  to  banks  refusing 

Silrer  dollars,  relative  to  transportation  and  storage  of.. . 

Special  agents,  relative  to  list  and  duties  of 

Steam -vessels,  relative  to  law  regulating  feed  pipes 

Syracuse,  N.  Y.,'  relative  to  increasing  cost  of  public  build- 
ing at 

Treasury  Department,  report  of  the  contingent  expenses 
for  year  ending  June  30,  1884,  of  the 

Willbur,  J.  M.,  report  on  claim  of 

Wyoming  Territory,  relative  to  printing  revised  laws  of. . 
Secretary  of  War : 

Annual  report  of  the,  in  4  volumes,  embracing  reports  of — 

The  Secretary  (voLl) 

Adjutant-General  (vol.  I) 

Angur,  Brig.  Gen.  C.  C.  (vol.1) 

Bradley,  Col.  L.  P.  (vol.  1) 

Chief  of  Engineers  (vol.  2,  part  1) 

Chief  of  Engineers  (vol.  2,  part  2) 

Chief  of  Engineers  (vol.  2,  part  3) 

Chief  of  Engineers  (vol.  2,  part  4} 

Chief  of  Ordnance  (vol.  3) 

Commissary   General   of  Subsistence,  annual  report  of 
(vol.  1) 

Crook,  Bri^.  Gen.  George  (vol.  1). 
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Wab  Department,  Ordnance  Oppioe, 

Washington^  October  16,  1884, 

Sir:  I  have  the  honor  to  submit  the  folio  wing  report  of  the  principal 
operations  pf  the  Ordnance  Department  during  the  fiscal  year  ended 
June  30, 1884,  with  such  remarks  and  recommendations  as  the  interests 
of  this  branch  of  the  military  service  seem  to  require. 

The  fiscal  resources  and  expenditures  of  the  Department  during  the 
year  were  as  follows,  viz : 

Amount  io  the  Treasnry  to  the  credit  of  the  appropriations  on  Jane  30, 

l«fi3 1629,701  47 

Amonnt  in  the  Treasory  not  reported  to  the  credit  of  the  appropriations 
on  Jane  30,  1883 5,966  57 

Amonnt  in  Government  depositories  to  the  credit  of  disbursing  officers 
and  others  on  Jnne  30,  1883 227,814  45 

Amonnt  of  appropriations  for  the  service  of  the  fiscal  year  ended  Jane 
30,1884 1,981,494  80 

Amonnt  refunded  to  ordnance  appropriations  in  settlement  of  acconnts 

daring  the  year  ended  June  30, 1884 16,264  99 

Gross  amonnt  received  during  the  fiscal  year  ended  June  30,  1884,  from 
sales  to  officers;  from  rents ;  from  collections  from  troops  on  account 
of  losseA  of,  or  damage  to,  ordnance  stores ;  from  Chicago,  Rock  Island 
and  Pacific  Railroad  Company;  from  powder  and  projectiles  (proceeds 
of  sales) ;  from  sales  of  condemned  stores ;  from  testing  machine,  and 
from  all  other  sources  not  before  mentioned 125,888  25 

Total 2,987,130  53 

Amonnt  of  expenditures  during  the  fiscal  year  ended  June  30,  1884,  in- 
cluding expenses  attending  sales  of  condemned  stores,  powder,  and 
projectiles,  Ac 2,015,255  58 

Amonnt  deposited  in  Treasury  during  the  fiscal  year  ended  June  30, 

lh84,  as  proceeds  of  sales  of  Government  property 92, 540  09 

Amount  transferred  from  ordnance  appropriations  in  settlement  of  ac- 
counts during  the  fiscal  year  ended  June  30, 1884 81 

Amount  turoefl  into  the  surplus  fund  on  June  30,  1884 249, 290  49 

Anioant  in  Government  depositories  to  the  credit  of  disbursing  officers 
and  others  on  June  30,  1884.. 209,007  50 

Amount  in  the  Treasury  not  reported  to  the  credit  of  appropriations  on 
June  30, 1884 7,545  43 

Amount  in  the  Treasury  to  the  credit  of  appropriations  on  Jnne  30, 

1«64 413,490  63 

Total 2,987.130  6^ 
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STATIONS  AND  DUTIES. 

The  stations,  and  duties  of  the  officers  of  the  Ordnance  Department 
are  as  follows :  Four  at  the  Ordnance  Office ;  thirty-six  at  the  arsenals, 
armory,  agency,  and  powder  depots ;  nine  on  the  Ordnance  Board  and 
at  the  foundries;  seven  at  the  several  military  headquarters  and  ord- 
nance depots ;  four  at  the  Military  Academy  ;  one  under  the  orders  of 
the  Secretary  of  the  Interior ;  one  in  the  Life-Saving  Service,  under 
the  Secretary  of  the  Treasury. 

The  Ordnance  Department  provides  the  armament  for  our  sea-coast  de- 
fenses, and  arms  and  other  ordnance  stores  for  the  Army,  the  militia,  the 
Marine  Corps,  all  other  Executive  Departments  to  protect  public  money 
and  property,  and  the  forty  colleges  authorized  by  law  to  receive  them 
for  instruction.  These  ordnance  and  ordnance  stores  must  be  of  the  best 
quality  and  of  superior  workmanship,  to  render  them  most  effective  as 
war  material,  and  modern  invention  and  improved  mechanical  methods 
must  be  carefully  studied  and  utilized. 

The  report  of  the  operations  at  the  Kock  Island  Arsenal  is  submitted. 
The  erection  of  shops  and  storehouses  has  been  conducted  economically 
and  thoroughly,  and  the  estimates  for  the  prosecution  and  completion 
of  the  same  should  receive  favorable  consideration.  The  last  appro- 
priation of  $10,000  for  the  general  care,  preservation,  and  improvement, 
for  building  roads,  painting  buildings,  bridges,  &c.,  is  not  deemed  ade- 
quate to  the  necessities  of  the  arsenal.  In  this  connection  Colonel  Flag- 
ler remarks  in  his  report : 

''The  ntmost  that  is  possible  has  been  done  to  economize.  It  is  nearly  impossible 
that  some  improvement  of  grounds  should  not  be  carried  on  in  connection  with  the 
construction  of  buildings  in  order  to  utilize  material  excavated,  finish  groands  around 
the  buildings,  and  furnish  needed  improvements  for  use  in  carrying  on  other  work. 
Besides  this,  the  buildings,  roads,  and  other  improvements  are  now  of  snch  magni- 
tude that  they  require  fully  ten  times  as  much  for  their  proper  care  and  preservation 
as  they  did  thirteen  years  ago,  at  which  time  the  appropriation  for  this  work  was 
double  that  which  has  been  allowed  in  the  past  few  years. 

'*  I  know  of  no  better  method  of  exhibiting  this  than  by  comparison.  The  extent  of 
the  work  that  ought  to  be  done,  to  keep  in  good  order  and  repair  streets,  avenues, 
grounds,  large  bridges,  shores  of  island,  railroads,  gutters,  walks,  sewers,  water- 
works, and  the  dams  and  gates  and  other  constructions  pertaining  to  the  water-power, 
is  equal  to  the  work  of  a  similar  kind  done  in  a  city  of  10,000  inhabitants.  In  addi- 
tion to  this,  the  buildings  and  many  other  constructions  taken  care  of  by  private  own- 
ers in  a  city  must  be  kept  in  repair.'' 

The  reasons  here  given  are  strongly  in  favor  of  larger  appropriations 
for  this  object.  The  work  of  care  and  preserration  is  a  continnons  one, 
never  ending  and  never  completed,  and  this  our  largest  Government 
establishment  deserves  to  be  kept  in  such  excellent  condition  as  to  reflect 
credit  on  the  couutry. 

SMALL-ABMS. 

During  the  fiscal  year  ended  June  30, 1884,  35,133  rifles,  carbines, 

nnd  shotguns  have  been  manufactured  at  the  National  Armory.    Much 

/ia/9  also  been  done  in  repairing  arms,  providiug  apare  parts,  making 
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swords  and  sabers  and  mi^cellaneoas  supplies,  and  manufacturing  the 
Ghaffee-Reeco  magazine  gun.  It  is  but  fair  to  record  that  the  well- 
deserved  reputation  of  the  Armory,  for  the  superior  design  and  finish 
of  its  products,  has  been  maintained,  and  that  Lieutenant- Colonel  Buf- 
fington  has  administered  the  affairs  of  that  establishment  with  marked 
ability  and  success. 

The  Lee,  Chaffee- Reece,  and  Hotchkiss  magazine  guns,  recommended 
by  the  Board  in  September,  1882,  to  be  issued  to  the  Army  for  trial 
have,  after  the  delays  incident  to  the  production  of  new  arms  requiring 
special  tools  and  machinery,  been  received  from  the  contractors  and 
completed  at  the  Armory,  and  are  now  ready  to  be  issued  to  the  Army 
for  trial  by  the  troops. 

For  some  time  efforts  have  been  made  at  the  Armory  to  perfect  the 
rod  bayonet  and  attachment,  dispensing  with  the  ordinary  triangular 
bayonet.  The  rifles  first  provided  with  the  rod  bayonet  were  defective 
in  design  and  failed  to  give  satisfaction.  The  new  arrangement  will 
be  sabmitted  to  you  at  an  early  day.  The  front  and  rear  sights  of  the 
rifle  have  been  greatly  improved,  embodying  new  and  important  de- 
tails which  will  be  found  of  value  in  long-range  firing,  and  it  is  hoped 
that  they  will  satisfy  a  much-needed  want  of  the  Army. 

An  estimate  has  been  submitted  for  a  milling  shop  for  the  National 
Armory  to  cost  $30,000.  It  is  to  be  a  fire-proof  structure,  two  stories 
and  basement,  and  about  275  by  35  feet,  to  replaee  the  present  old 
building,  which  is  nnfit  and  dangerous,  and  in  case  of  fire  would  de- 
stroy the  principal  machinery,  and  suspend  operations  for  many  months 
at  the  Armory.    The  appropriation  asked  for  is  earnestly  recommended. 

REWARDS  FOB  TARGET  PRACTICE. 

The  gold  and  silver  medals,  as  rewards  for  successful  marksmanship 
in  the  different  Army  contests,  including  the  skirmishers'  medals  for 
Department,  Division,  and  Army  teams,  recently  added  to  the  list,  have 
been  supplied  to  the  several  headquarters  in  advance  of  the  date  of 
contests,  that  they  might  be  delivered  to  the  successful  contestants  on 
the  spot. 

The  sharpshooters'  bronze  crosses  and  the  marksman's  pins,  also 
aathorized  by  G.  O.  No.  12,  of  February  20,  1884,  have  been  made,  and 
are  being  distributed  to  the  Army. 

The  liberality  of  the  War  Department  in  providing  so  many  artistic 
and  costly  medals  and  other  rewards,  for  successful  efforts  on  the  part 
of  officers  and  soldiers,  has  been  a  powerful  and  healthy  stimulus  to 
the  steady  improvement  of  the  Army  in  skillful  marksmanship.  Being 
an  expert  shot  leaves  nothing  wanting  to  the  perfection  of  the  modern 
soldier.  The  bullet  that  unerringly  attains  its  object  fully  repays  all 
the  expense  and  labor  that  makes  that  possible. 

A  new  work  on  target  firing,  which  will  embody  the  experiences  of 
the  Army  in  target  practice  during  the  past  five  years,  is  being  pt^- 
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pared  under  your  authority  by  Gapt.  S.  B.  Blunt,  Ordnance  Depart- 
ment and  Chief  Ordnance  Officer  Department  of  Dakota.  Its  comple- 
tion is  promised  at  an  early  day,  when  it  will  be  submitted  for  your 
consideration  and  approval.  His  wide  experience  in  charge  of  target 
practice  in  that  military  department,  and  his  excellent  record  as  a 
skillful  rifle  shot  in  many  contests,  assures  Captain  Blunt's  success  in 
the  preparation  of  a  satisfactory  text-book  for  the  instruction  and 
guidance  of  the  Army  in  this  most  interesting  field  of  study  and  prac- 
tice. 

MACHINE  GUNS. 

The  improved  Gardner  gun,  described  in  the  Report  of  the  Chief  of 
Ordnance  for  1880,  has  this  year  been  subjected  to  further  trials  at  the 
Proving  Ground,  under  the  supervision  of  the  Ordnance  Board.  The 
conclusions  of  the  Board  (see  Appendix  19)  are  very  favorable  to  the  gun, 
which  is  pronounced  to  be  light,  compact,  and  simple  in  its  structure, 
and  to  compare  favorably  with  the  Gatling  gun  in  everything  except 
rapidity  of  fire.  The  device  for  feeding  is  admirable,  and  the  paste- 
board box  for  containing  the  ammunition  of  the  infantry  can  be  easily 
adapted  for  use  with  this  gun,  which  is  a  great  advantage  for  a  machine 
gun  designed  to  co-operate  with  infantry  fire. 

The  Board  has  recommened  that  some  of  the  guns  be  procured  for 
service. 

ARTILLERY  PRACTICE. 

More  than  ordinary  interest  has  been  evinced  in  the  theory  and 
practice  of  gunnery  by  portions  of  the  artillery  branch  of  the  service, 
and  notably  so  by  batteries  stationed  in  New  York  Harbor,  under 
Col.  John  Hamilton,  commanding  Fifth  Artillery.  His  "  Report  of 
Artillery  Practice''  at  "  The  Narrows,"  in  October  and  November,  1883, 
will  be  found  interesting  and  comprehensive,  giving  an  excellent  prac- 
tical system  which  can  be  applied  in  other  harbors  and  roadsteads.  His 
report  is  submitted  in  the  hope  that  its  publication  may  excite  some 
such  degree  of  interest  and  emulation  in  the  study  and  manipulation 
of  heavy  cannon  as  now  rules  the  Army  in  rifle  firing. 

This  report  gives  expression  to  the  zeal  and  ability  which  have 
crowned  Colonel  Hamilton's  endeavors  with  such  encouraging  success. 

GUN  FOUNDRY  BOARD  AND  CONGRESSIONAL  COMMITTEES. 

In  my  last  annual  report  reference  was  made  to  the  "  Gun  Foundry 
Board"  appointed  in  accordance  with  the  act  of  Congress  approved 
March  3,  1883 : 

^*For  tbe  purpose  of  examining  and  reporting  to  Congress  which  of  the  navy-yarda 
or  arsenals  owned  by  tbe  Government  lias  the  T>«8t  location  and  is  best  adapted  for 
the  establishment  of  a  Government  foundry,  or  what  other  method,  if  any,  shonld  be 
adopted  for  the  manufacture  of  heavy  ordnance  adapted  to  modern  warfare,  for  the 
use  of  the  Army  and  Navy  of  the  United  States,  the  cost  of  all  buildings,  tools,  and 
implements  necessary  to  be  used  in  the  manufacture  thereof,  including  the  cost  of  a 
g  team  hammer,  or  apparAtas  of  sufficient  size  for  the  manufacture  of  the  heaviest  guns." 
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Its  report  was  made  to  the  President  February  16, 1884,  and  was  by 
him  transmitted  to  Congress,  February  18,  1884.  The  conclusions 
reached  by  the  Board  after  full  investigation  of  the  subject  here  and 
abroad  are :  The  establishment  of  Government  gun  factories  for  both 
the  Army  and  Navy,  and  the  making  a  permanent  and  liberal  appro- 
priation by  Congress  for  the  specific  purpose  of  porviding  artillery  of 
modem  types,  this  appropriation  being  a  permanent  one,  to  act  as  a 
stimulus  to  private  steel  manufacturers  to  enlarge  their  plant  and  make 
gun  steel,  the  Government  being  a  large  purchaser.  A  special  estimate 
for  a  permanent  annual  appropriation  to  carry  out  this  recommendation 
of  the  Board  was  submitted  by  me,  but  Congress  took  no  action 
thereon. 

In  the  closing  days  of  the  last  session  both  the  Senate  and  House 
passed  resolutions  for  the  appointment  of  select  committees  of  Senators 
and  Representatives,  respectively,  to  inquire — 

''As  to  the  capacity  of  steel-prodacing  works  in  the  United  States  to  make  steel  of 
■TDdtable  quality,  and  safflcient  in  quantity  to  furnish  metal  for  guns  of  high  power 

*  *  *  as  to  the  character  and  sufficiency  of  machinery  and  machine  tools  in  the 
naTy-yards,  and  also  in  private  foundries  and  machine-shops  in  the  United  States, 

*  *  *  and  for  manufacturing  guns  for  the  proper  armament,  *  "  *  of  the  sea- 
eoast  defenses,  •  •  •  into  the  best  locations  in  the  United  States  for  mannfactor* 
ing  guns,  •  *  *  and  the  best  method  of  manufacturing  and  building  the  same, 
whether  by  the  Government  or  by  contract  with  private  persons/' 

The  field  of  this  inquiry  is  large  and  comprehensive,  and  includes  all 
that  is  required  for  a  complete  understanding  of  the  subject,  and  the 
best  means  of  providing  a  remedy.  The  condition  of  our  coast  defenses 
is  a  matter  of  grave  concern  and  calls  for  immediate  action,  and  I  in- 
dulge the  hope  that  before  the  end  of  the  ensuing  session  Congress  will 
show  to  the  country  its  appreciation  of  these  national  wants  by  a  liberal 
and  permanent  annual  appropriation. 

ARMAMENT  OF  FORTIFICATIONS. 

During  the  past  year  the  construction  of  the  several  experimental 
guns  commenced  in  1883,  under  provisions  of  the  act  of  March,  1883, 
has  progressed  as  rapidly  as  circumstances,  somewhat  unfavorable, 
would  permit.  Owing  to  the  discontinuance,  for  a  number  of  years,  of 
the  manufacture  of  cast-iron  guns  at  the  South  Boston  Foundry,  numer- 
ous trials  were  requisite  at  the  outset  to  work  up  the  iron  to  a  proper 
standard  before  the  castings  could  be  made.  Later,  the  backwardness 
of  foreign  manufacturers  in  meeting  their  engagements  for  furnishing 
steel  forgings  has  caused  additional  delay  in  the  completion  of  these 
guns.  It  has  now  become  practicable,  however,  to  procure  part  of  the 
forgings  in  question  from  the  Midvale  Steel  Company,  and  an  order  has 
accordingly  been  given  to  that  efifect. 

The  12-inch  breech-loading  rifle,  cast-iron,  has  been  cast,  and  is  in 
Buch  advanced  stage  of  completion  that  it  will  soon  be  ready  for  txial. 

The  body  for  the  VJ-inch  muzzle-loading  ritied  mortar  has  been  CMb 
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and  finished,  and  hoops  of  saitable  qaality  procared  from  the  Midvale 
Steel  Company,  and  the  work  of  hooping  the  mortar  is  now  in  progress 
at  the  South  Boston  Foundry.  Prior  to  establishing  the  shrinkages  to 
be  used  in  the  construction  of  this  piece,  it  was  deemed  prudent  to  make 
an  experiment  of  hooping  a  cylinder  representing  an  actual  section  of 
the  mortar  in  front  of  the  powder  chamber,  by  means  of  which  it  could 
be  practically  determined  if  the  proposed  shrinkages  were  suitable  to 
the  construction. 

The  Department  has  adopted  this  plan  of  hooping  an  experimental 
section  for  each  new  model  of  hooped  gun,  in  order  to  compare  the  data 
derived  from  calculations  purel}',  with  the  results  obtained  from  direct 
experiment,  and  in  that  way  to  establish  a  reliable  basis. for  the  con- 
struction. 

The  experiments  made  last  year  with  two  experimental  10-inch,  muz- 
zle-loading rifled  mortars,  obtained  by  shortening  at  the  muzzle  and 
rifling  two  10-inch  cast-iron  smooth-bore  guns,  have  demonstrated  the 
practicability  of  employing  some  of  our  existing  types  of  projectiles,  in 
pieces  of  this  type,  with  satisfactory  results.  From  the  same  experi- 
ments a  suitable  character  of  rifling  was  also  determined  for  the  12-inch 
mortar.    This  mortar  should  be  ready  for  trial  during  the  next  month. 

In  casting  the  body  for  the  12-inch  breech-loading  rifle,  cast-iron, 
lined  with  a  wire- wrapped  steel  tube,  an  accident  occurred  that  has 
proved  a  source  of  considerable  pecuniary  loss  to  the  founders,  and  a 
serious  set-back  to  the  early  completion  of  the  gun.  About  an  hour 
after  the  successful  casting  of  the  gun,  the  flask  of  the  mold  gave  way, 
precipitating  the  superincumbent  mass  of  molten  metal  into  the  pit, 
forming  there  when  cold  a  solid  cheese.  After  much  labor  this  cheese 
has  been  removed — an  operation  that  was  much  facilitated  by  the  con- 
ical form  of  the  pit — and  the  founders  are  now  making  Iresh  prepara- 
tions for  another  cast.  Owing  to  this  mishap  the  casting  of  the  body 
for  the  12-inch  rifle,  cast-iron,  hooped  and  tubed  with  steel,  will  follow 
next,  since  the  patterns,  flasks,  &c.,  are  already  prepared. 

The  body  for  the  10-inch  breech-loading  rifle,  cast-iron,  wrapped  with 
steel  wire,  has  been  cast  and  made  ready  tor  the  application  of  the  wire. 
The  wire  winding  will  be  done  at  the  Watertown  Arsenal,  where  prep- 
arations are  now  being  made  for  this  purpose  in  consultation  with,  and 
on  plans  furnished  by,  Dr.  W.  E.  Woodbridge. 

Billets  and  bars  for  wire  guns. 

The  billets  for  the  wire  have  been  procured  from  the  Otis  Iron  and 
Steel  Company,  Cleveland,  Ohio,  and  before  acceptance  by  the  Depart- 
ment were  required  to  pass  satisfactorily  the  following  conditions  as  re- 
gards physical  qualities,  viz : 

Tensile  strength 31. 5  tons  per  square  inch. 

Ultimate  elongation 30     per  cent. 

HeductioD  of  Area..., 50     pet  cent. 
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The  reduction  of  area  in  transverse  test  specimens  1.2  inches  between 
shoulders  to  be  at  least  20  per  cent.,  and  the  billets  to  be  perfectly 
sound  and  free  from  flaws,  cavities,  or  defects  of  any  kind,  and  of  a  uni- 
form quality  throughout. 

The  accepted  billets,  weighing  about  80  pounds  each,  have  been  sent 
to  the  Trenton  Iron  Company,  Trenton,  N.  J.,  where  they  will  first  be 
rolled  into  rods  one  half  inch  square,  then  annealed  and  drawn,  without 
further  annealing,  into  wire  .15  of  an  inch  square,  having  the  corners 
rounded  with  a  radius  of  about  .01  of  an  inch,  the  ends  of  the  wire  being 
reversed  in  the  process  at  each  successive  passage  through  the  draw- 
plate.  As  a  final  operation  the  wire  will  be  thoroughly  tinned  to  pre- 
pare it  for  soldering. 

The  bars  for  the  longitudinal  staves  of  the  lOinch  steel-wire  breech- 
loading  gun  have  also  been  manufactured  by  the  Otis  Iron  and  Steel 
Company,  and  subject  to  the  same  conditions  as  regards  their  physical 
qualities  as  the  wire  billets.  These  bars  are  now  beiug  annealed  at  the 
Washington  Navy- Yard,  after  which  they  will  be  sent  to  the  works  of 
Jones  &  Laughlins,  Pittsburgh,  Pa.,  where  they  will  be  cold  rolled  to 
the  size  of  3.4  inches  square. 

Forgings  of  Whitworth  <fc  (Jo.^s  steel 

The  tube  for  the  steel  wire  10-inch  breech-loading  rifle ;  the  tube  and 
jacket  for  the  steel  8-inch  breech-loading  rifle ;  the  tubes  for  two  12-inch 
cast-iron  rifles :  two  12-inch  rifle  breech  bushings,  and  four  trunnion 
hoops  were  ordered  of  fluid  pressed  steel  from  Sir  Joseph  Whitworth 
&  Co.,  Manchester,  England,  under  date  of  May  29, 1883. 

This  order  was  accepted  by  cablegram  under  date  of  June  11,  1883, 
with  an  agreement  to  deliver  all  the  forgings  within  five  months'  time, 
and  by  an  after  agreement  the  forgings  for  the  8-inch  breech-load- 
ing rifle  were  to  be  delivered  as  soon  as  made.  Up  to  the  present 
time,  nearly  one  year  since  the  time  of  delivery  agreed  upon,  there  have 
been  received  from  Whitworth  &  Co.,  only  the  forgings  for  the  8-inch 
breech-loading  rifle  and  the  trunnion  hoops,  and  even  these  were  not 
received  until  they  were  many  months  overdue,  and  after  repeated  re- 
monstrances from  the  Department  against  the  failure  of  the  company 
to  fulfill  their  engagements.  After  still  further  correspondence  with 
Whitworth  &  Co.,  urging  the  prompt  delivery  of  the  balance  of  the 
forgings,  and  repeated  assurances  from  the  company  of  their  speedy  de- 
livery, notice  was  finally  sent,  under  date  of  October  2,  that  unless  the 
balance  of  the  order,  and  the  new  forgings  to  be  substituted  for  the 
forgings  already  delivered  but  rejected  by  the  Department  as  not  being 
,  of  standard  quality,  were  delivered  before  December  1,  1884,  the  order 
would  be  withdrawn. 

The  results  of  tests  of  the  gun  forgings  received  from  Whitworth  & 
Co.  under  the  above  order,  so  far  as  tested,  are  exhibited  iu  appendix 
36.    The  trunnio27  hoop  for  the  12-iBch  mortar  possesses  very  fair  q\x«X- 
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ities,  that  for  the  8-iiich  rifle  very  ordinary  indeed,  bat  it  may  be  said 
on  their  behalf  that  a  trunnion  hoop  is  a  difficult  shape  to  forge. 

The  qualities  guaranteed  by  Whitworth  &  Co.  for  the  8-inch  breech- 
loading  rifle  tube  and  jacket  were  as  follows,  on  specimens  2  inches  in 
length  between  shoulders,  viz :  Oil  tempered : 

Elastic  limit 21  tons. 

Tensile  strergth 43  tons. 

Elongation 15  per  cent. 

Reduction  in  area 30  per  cent. 

The  above  qualities  to  be  considered  as  a  minimum. 

The  physical  qualities  found  by  actual  test  of  the  8-inch  breech-load- 
ing rifle  tube  and  jacket,  made  on  specimens  3  inches  between  shoul- 
ders and  taken  tangentially  from  the  breech  end  were  as  follows,  viz : 

Tiihe.  Jacket, 

Elastic  limit 15.6  tons.  17.8  tons. 

Tensile  strength 37     tons.  37.4tonB. 

Elongation 20. 2  per  cent.  22. 8  per  cent. 

The  tests  of  longitudinal  specimens,  2  inches  in  length  between 
shoulders,  were  scarcely  better  than  the  above,  while  the  results  fix>m 
compression  tests  were  even  worse.  The  metal  in  both  tube  and  jacket 
is  quite  irregular  in  quality,  and  only  the  exterior  of  the  jacket  gives 
any  evidence  of  oil  tempering.* 

Pull  reports  of  the  tests  were  forwarded  to  Whitworth  &  Co.  about 
two  months  ago,  and  the  forgings  will  be  replaced  by  new  ones. 

The  difficulties  above  recounted  in  procuring  steel  from  abroad,  even 
for  experimental  guns,  makes  manifest,  without  lengthy  comment,  the 
necessity  for  home  production.  It  is  hoped  that  the  very  pressing 
needs  of  the  Department  and  the  difficulties  under  which  it  now  labors 
in  attempting  to  secure  suitable  materials  for  gun  construction,  may  be 
relieved  through  the  prompt  and  energetic  action  of  Congress  at  its  next 
session.  The  steel  makers  of  this  country  will  not  undertake  the  produc- 
tion of  steel  on  a  scale  adequate  to  our  wants,  without  the  inducement 
of  being  fairly  remunerated  for  their  outlays;  and  the  importance  for 
immediate  action  on  the  part  of  Congress  for  holding  out  such  induce- 
ments, by  liberal  appropriations,  cannot  be  over-estimated.   The  truth  of 


-w- 


*  Since  tbe  above  was  written,  tensile  tests  bav6  been  made  on  tangential  specimens, 
2  incbes  in  lengtb  between  sboulders,  taken  from  tbe  muzzle  end  of  tbe  8-inch  tnbe, 
witb  tbe  following  mean  resnlts : 

Elastic  limit 24.1  tons. 

Tensile  strength 44. 5  tons. 

Ultimate  elongation 23  per  cent. 

Tbese  figures  confirm  tbe  suspicions  of  Messrs.  Wbitwortb  &,  Co.,  as  expressed  in  a 
communication  to  tbis  office,  tbattbe  low  qualities  found  in  tbe  breecb  ends  of  tabe 
and  Jacket  were  due  to  overheating  in  tbe  annealing  process,  subsequent  to  oil-temper- 
ing. It  was,  perhaps,  one  of  those  accidents  now  and  then  almost  unavoidable  in 
steel  manufacture,  and  in  no  wise  affects  the  great  reputation  of  Whitworth  &  Co.,  so 
long  held  and  sastained,  for  tbe  superior  quality  of  their  steel  products. 
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this  statement  is  apparent  when  it  is  considered  that,  even  after  ample 
encouragement  has  been  afforded,  considerable  time  mast  elapse,  say 
two  years  or  more,  before  the  requisite  plant  can  be  designed,  constructed, 
and  set  up,  and  the  production  of  steel  in  masses  of  sufficient  size  and 
of  suitable  quality  for  gun  construction  can  become  a  practical  success. 
Then  the  manufacture  and  test  of  the  experimental  or  typical  guns  will 
require  at  least  two  years  more,  even  for  the  more  moderate-sized  calibers, 
before  the  manufacture  of  guns  in  quantity  can  be  proceeded  with.  It 
was  under  a  clear  apprehension  of  these  facts  and  a  deep  conviction  of 
the  importance  of  saving  time,  that  the  Department  determined  to  pro- 
cure if  practicable,  the  tubes,  jackets,  and  trunnion  hoops  for  the  first 
experimental  guns  from  abroad,  hoping  in  that  way  to  establish  a  start- 
ing point  in  the  manufacture  of  steel  guns,  and  thus  avoid,  so  far  as 
I)OS8ible,  the  delay  that  must  hereafter  inevitably  arise  when  steel  shall 
be  procurable  in  this  country,  for  want  of  some  well  tested  and  defi- 
nitely established  types  of  gun  construction  as  standards.  Thus  far  its 
efforts  in  this  direction  have  been  attended  with  little  success,  never- 
theless it  will  continue  to  persist  in  its  purpose,  believing  that  the  im- 
portance of  the  object  sought  fully  justifies  such  a  policy.  Types  of 
guns,  of  at  least  8  and  10  inches  caliber,  should  be  fully  established  by 
the  time  that  our  steel  makers  are  in  a  condition  to  furnish  the  steel 
required  for  such  constructions,  in  order  that  there  may  be  an  immediate 
demand  for  their  products. 

Midvale  steel  hoops  and  breech  blocks. 

The  steel  forgings,  for  the  guns  now  under  construction,  which  the 
Department  has  been  able  to  procure  from  American  manufacturers — as 
the  hoops,  breech  blocks,  &c. — and  whose  production  came  within  the 
capacity  of  existing  plant*  are  of  the  very  highest  quality,  and  are  an 
earnest  of  what  excellence  it  may  be  expected  will  be  attained  here  under 
larger  facilities  for  manufacture. 

The  hoops  for  the  steel  8-inch  breech-loading  rifle,  the  12inch  muzzle- 
loading  rifle  mortar,  the  12-inch  rifle,  cast-iron  hooped  and  tubed  with 
Bteel,  most  of  the  rings  for  the  wire  guns,  and  the  forgings  for  the  several 
breech  blocks  have  been,  or  are  now  being,  manufactured  for  the  De- 
partment by  the  Midvale  Steel  Company,  Nicetown,  Philadelphia,  Pa. 
The  hoops  are  made  from  open-hearthed  steel,  either  rolled  or  hammered 
into  shape,  according  to  their  size,  and  afterwards  oil-tempered  and 
lightly  annealed,  as  contemplated  in  the  circular  letter  issued  by  the 
Department  under  date  of  Ai)ril  3,  1883. 

The  results  of  some  experiments  made  in  1883  with  trial  hoops,  tem- 
I)ered  and  untempered,  and  the  first  tests  made  under  the  contract  for 
supplying  the  Department  with  the  hoops  for  the  12-inch  mortar,  gave 
rise  to  doubts  as  to  the  propriety  of  the  treatment  by  oil  tempering  and 
annealing.  There  wasevidence  of  a  want  of  uniformity  in  theoil  tempered 
hoop,  and  a  deficiency  in  the  requisite  stiffness  for  the  outer  envelo^^^ 
of  a  gun.    The  manufacture,  therefore,  of  the  12-inch  mortar  lioop&  WM 
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suspended  until  some  further  trials  and  tests  could  be  executed.  But 
in  the  end  the  excellent  qualities  obtained  in  the  hoops  thus  treated — 
oil-tempered  and  annealed — was  fully  established  (see  Appendix  29), 
and  that  mode  of  treatment  was  definitely  adox)ted  for  all  the  hoops 
under  manufacture.  The  physical  qualities  as  determined  from  the  tests 
of  tangential  specimens,  G  inches  between  shoulders,  are  as  follows,  viz: 

Elastic  limit 25  to  30  tons. 

Tensile  strength 45  to  50  tons. 

Ultimate  elongation 12  to  16  per  cent. 

The  above  figures  are  fully  equal  to  the  highest  claimed  by  Whit- 
worth  &  Co.  for  the  characteristics  of  their  steel  hoops. 

In  this  connection  I  desire  to  accord  to  the  managers  of  the  Midvale 
Steel  Works  the  high  praise  they  have  so  justly  earned  through  their 
intelligent  and  skillful  methods  of  working  and  treatment,  and  by  their 
untiring  perseverance  in  experiment  and  research,  in  attaining  at  so 
early  a  period  an  equality  with  the  very  best  known  standards. 

The  hoop  required  for  the  12-inch  breech-loading  rifle,  cast  iron, 
hooped  and  tubed,  being  of  dimensions  too  great  for  the  existing  roll- 
ing-mill at  the  Midvale  Steel  Works,  it  became  necessary  to  enlarge  the 
mill  and  make  new  rolls.  These  hoops  are  now  being  turned  out  from 
the  mill  to  finish  to  a  length  of  12  inches,  the  finished  interior  and  ex- 
terior diameters  being  as  follows,  viz : 

Interior        Exterior 
diameter.       diameter. 

Inner  row 39.20  45.90 

Outerrow 45.90  53.70 

The  greater  part  of  these  hoops  are  now  rolled,  and,  so  far  as  the  pre- 
liminary tests  have  been  made,  they  equal  in  quality  the  smaller  hoops 
for  the  12-inch  mortar  and  8-inch  rifle. 

The  forgings  destined  for  breech-blocks,  of  the  interrupted-screw 
type,  were  hammered  endwise  as  well  as  laterally,  and  after  being  bored 
through  were  oil-tempered  and  annealed  in  the  same  manner  as  the 
hoops.  The  mean  physical  qualities  as  determined  from  tensile  tests  of 
tangential  specimens,  3  inches  between  shoulders,  were  as  follows,  viz: 

Specific  gravity 7.8648 

Hardness 20.64 

Elastic  limit 23.5  tons. 

Tensile  strength j|. 44.2  tons. 

Ultimate  elongation 17.3  per  cent. 

Redaction  in  area 35.5  per  cent. 

The  results  from  compression  test  of  tangential  specimens  12  inches 
in  length  were  as  follows,  viz : 

Elastic  limit 21.  7  tons. 

Strength 28.  4  tons. 

Eight-inch  converted  rifles. 

Substantial  progress  in  the  production  of  heavy  ordnance  being  nec- 
essarily slow  makes  it  expedient  to  utilize  to  the  utmost  any  existing 
Armament  or  available  material  on  hand.    The  casemates  and  barbettes 
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of  most  of  our  sea-coast  defenses  are  at  present  adapted  to  the  10-inch 
smooth-bore  cast-iron  gan.  The  power  of  this  10-inch  gun  has  been 
largely  increased  by  converting  it  into  an  8-inch  rifle  by  means  of  a 
lining  tube  inserted  into  the  bore.  This  converted  gun  has  shown  great 
endurance,  and  very  considerable  power  of  penetration.  It  has  there- 
fore been  the  policy  of  the  Department  for  the  past  few  years,  with  the 
approval  of  Congress,  to  manufacture  annually  a  number  ot  these  8-inch 
converted  rifles  to  be  substituted  for  the  10-inch  guns  in  our  forts,  and 
until  more  powerful  guns  can  be  procured  to  replace  in  turn  the  8-inch 
converted  rifles.  Heretofore  the  lining  tube  employed  in  the  conversion 
has  been  of  coiled  wrought  iron ;  the  tubes  being  furnished  solely  by 
the  West  Point  Foundry  Association,  Cold  Spring,  N.  Y.,  and  the  in- 
sertion of  the  tubes  with  all  later  guns  being  through  the  breech.  With 
a  view  of  widening  the  field  for  competition,  as  well  as  of  simplifying 
the  construction,  the  idea  was  entertained  that  if  a  steel  lining  inserted 
through  the  muzzle  could  be  employed  both  those  ends  would  be  fairly 
attained,  and  the  cost  of  conversion  be  materially  reduced.  Accord- 
ingly, during  the  past  year,  a  lOinch  gun  was  converted  on  this  plan, 
the  tube — an  annealed  forging  from  open-hearth  steel — being'furnished 
from  the  Midvale  Steel  Works. 

In  determining  upon  the  physical  qualities  for  the  steel  tube  to  be 
employed  in  such  conversion,  and  which,  for  economical  reasons,  would 
be  inserted  loosely  into  the  casing — with  a  slight  play — ^regard  was  had 
to  the  qualities  of  the  wrought-iron  tubes,  heretofore  successfully  used 
in  like  constructions.  It  was  especially  desirable  that  the  steel  should 
possess  very  considerable  extensibility,  even  at  the  expense  of  great 
strength  and  high  elasticity,  in  order  that  it  might  safely  yield  under 
the  pressure  of  the  powder  gases  until  set  out  to  a  firm  bearing  against 
its  cast-iron  casing.  The  permanent  extension  of  the  metal  thus  pro- 
duced should  raise  its  elastic  limit  by  the  development  of  what  has  been 
termed  the  special  elasticity  of  the  metal ;  at  the  same  time  the  casting, 
if  not  actually  thrown  upon  a  light  tension,  would  form  a  rigid  support 
to  the  further  extension  of  the  tube,  and  thus  the  gun  as  a  whole  would 
be  in  the  best  possible  coiMition  for  resistance. 

The  desired  qualities  for  the  tube,  it  was  thought,  would  be  more  read- 
ily obtained  from  a  forging  that  had  been  annealed  simply,  and  not  oil- 
tempered  and  annealed,  though  the  opinion  of  the  steel  makers  now  is 
that  equally  satisfactory  results  would  be  obtained  by  the  latter  method. 
The  tensile  tests  of  tangential  specimens,  3  inches  long  between  shoul- 
ders, taken  from  both  ends  of  the  annealed  forging  for  the  tube,  gave 
the  following  mean  results,  which  were  deemed  satisfactory,  viz : 

Elastic  limit 17. 2  tons. 

Tensile  strength k 35.7  tons. 

Elongation 24.3  per  cent. 

Contraction  of  area 34. 6  per  cent. 

With  metal  possesfiiiz^  these  physical  qualities,  the  elastic  Imit  of  IYl^ 
tabe^  computed  in  the  usual  way,  should  be  from  7  to  7  J  tons,  and  con- 
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sequently  the  pressure  due  to  any  charge  likely  to  be  fired  from  the  gun 
would  be  more  than  sufficient  to  permanently  set  out  the  tube  about 
the  seat  of  the  charge ;  with  a  charge  of  45  pounds,  probably  the  maxi- 
mum that  would  be  used,  the  permanent  enlargement  should  extend 
fully  half-way  up  the  bore,  at  least  under  repeated  firings.  To  the  en- 
largement produced  by  the  direct  pressure  of  the  powder  gases  must 
be  added  any  that  may  be  due  to  balloting  of  the  projectile,  &c.,  to  a 
mandrelling  action,  so  to  speak,  of  its  sabot,  so  that  we  should  expect 
a  close  contact  to  result  between  tube  and  casing,  coextensive  nearly 
with  the  whole  length  of  the  bore. 

The  work  of  conversion  was  done  at  the  South  Boston  Foundry  (see 
Appendix  26,)  and  after  its  completion  the  gun  was  sent  to  the  Proving 
Oround,  Sandy  Hook,  N.  J.,  and  turned  over  for  trial  to  the  Board  for 
Testing  Eifled  Cannon,  &c.,  appointed  under  the  act  of  July  5,  1884. 
The  gun  has  been  fired  five  hundred  rounds  and  still  remains  in  good 
condition,  and  the  Board  has  pronounced  favorably  upon  this  mode  of 
conversion  (see  Appendix  21).  Bids  have  therefore  been  invited  this 
year  for  famishing  the  materials  for,  and  doing  the  work  of,  converting 
,  fifty  lO-ingh  smooth-bore  guns  into  8-inch  rifles  by  lining  either  with  a 
coiled  wrought-iron  or  a  forged  st^el  tube,  and  that  plan  of  conversion 
will  be  adopted  which  presents  the  greater  economy. 

Alterations  of  sea-coast  carriages. 

The  work  of  adapting  the  carriages  for  the  15-inch  smooth-bore  guns 
to  the  increased  charges  now  employed,  as  provided  for  under  the  act  of 
March,  1883,  has  been  steadily  carried  on  at  Waterto  wn  Arsenal ;  also  the 
adaptation  of  the  same  carriage  to  the  11-iuch  muzzle-loading  rifle,  and 
the  alterations  of  the  10-inch  barbette  and  casemate  carriages  for  the 
service  of  the  8-inch  converted  rifles.  Some  preparations  were  requisite 
before  this  work  could  proceed,  and  much  of  the  outlay  last  year  was  for 
materials.  As  a  consequence,  but  few  completed  carriages  have  thus  far 
been  turned  out  from  the  Watertown  shops,  although  the  character  of 
the  work  done  at  this  arsenal  has  been  of  the  best  quality,  and  reflects 
great  credit  on  that  establishment. 

Breech-loading  devices. 

Of  the  two  breech-loading  devices  selected  under  the  law  for  test, 
the  Mann  was  completed  and  sent  to  the  Proving  Ground,  Sandy  Hi>ok, 
K.  J.,  early  in  August.  The  Mann  gun  is  of  6.5-inch  caliber,  and  was 
made  by  lining  a  lOinch  smooth-bore  cast-iron  gun  with  a  tube  of 
Whitworth  fluid-pressed  steel,  and  applying  the  Mann  breech  mech- 
anism, also  chiefly  made  from  Whitworth  steel.  The  work  of  manu- 
facture was  done  at  the  South  Boston  Foundry  (see  Appendix  25),  under 
the  personal  supervision  of  Mr.  Mann  himself,  with  whom  the  contract  for 
the  gun  had  been  made.  The  tube  for  this  gun  and  the  forgings  for  the 
breech  mechanism  were  of  superior  quality,  and  attest  to  the  excellence 
oi'  the  Whitworth  steel  where  due  care  has  been  exercised  in  its  manu- 
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fiMstaie.  The  mean  physical  qualities  of  the  tube  obtained  in  tensile 
tests  of  tangential  specimens,  2  inches  long  between  shonlders,  were 
as  follows,  viz : 

Specific  grayity 7.866 

Hardness 25.7 

Elastic  limit 24     tons. 

Tensile  strength 45.  8  tons. 

Ultimate  elongation 16.  3  per  cent. 

Reduction  of  area 31.  4  percent. 

The  tensile  te^ts  of  specimens,  4  inches  long  between  shoulders,  taken 
from  the  steel  transom  or  cross-head  of  the  breech  mechanism  gave  the 
following  results : 

Elastic  limit 22.  8  tons. 

Tensile  strength 41^    tons. 

Elongation 23     percent. 

Redaction  of  area 27     percent. 

The  qualities  in  the  forgings  for  the  breech  straps  were  equally  as 
good  as  the  above. 

The  trial  of  this  gun  commenced  in  September  under  the  supervision 
of  the  Board  for  Testing  Rifled  Ouns,  Mr.  Mahn  being  in  attendance  and 
eoncurring  in  the  programme  pursued.    The  largest  charges  used  were 
from  37  to  40  pounds  of  powder,  with  a  projectile  of  109  pounds  weight. 
The  highest  recorded  pressure  was  27,500  pounds  per  square  inch,  the 
corresponding  velocity  being  1,735  feet;  the  charge  in  this  instance 
uras  40  pounds  of  x)owder.    At  the  twenty-fourth  round  the  breech  of 
the  gun  was  blown  off,  the  massive  steel  cross-head  being  fractured 
sbout  3  inches  from  its  left  tenon,  and  with  the  breech  screw  was  thrown 
as  a  single  fragment  54  feet  to  the  rear,  passing  through  a  heavy  tim- 
\)er  screen ;  the  cast-iron  breech-block  proper  was  broken  into  a  number 
of  fragments.    The  charge  used  at  this  round  was  37  pounds  of  pow- 
der, with  a  projectile  weighing  109  pounds ;  the  pressure  was  lost,  as 
the  pressure-gauge  was  blown  out  of  the  gun  and  destroyed,  but  the 
tecorded  velocity,  1,748  feet,  indicated  that  the  pressure  was  about  the 
Bame  as  in  previous  rounds.    Section  2  of  the  act  of  July  5, 1884,  under 
which  the  Board  for  Testing  Rifled  Gnns,  of  which  Gol.  T.  G.  Baylor  is, 
president,  was  constituted,  provides  that  hereafter  all  rifled  cannon  manu- 
factared  at  the  cost  of  the  United  States  shall  be  publicly  subjected  to 
tbe  proper  test  for  the  determination  of  the  endurance  of  the  same,  to 
tbe  satisfaction  of  the  President  of  the  United  States,  or  such  persons 
^  he  may  select,  and  authorizes  him  to  select  five  persons  who  shall  be 
skilled  in  such  matters;  it  provides  further,  if  such  guns  shall  not 
prove  satisfactory  they  shall  not  be  put  to  use  in  the  Government 
^rvice.    In  accordance  with  these  provisions  of  the  law  the  Board  re- 
ports on  the  trial  of  the  6.5inch  Mann  gun  that  ^^ This  gun  having 
bnrst  at  the  twenty-fourth  round  its  endurance  was  not  satisfactory  to 
the  Board,  and  hence  it  cannot  recommend  that  it  be  put  to  use  in  Gov- 
^ment  service." 


/ 
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The  fall  report  of  the  Board  and  of  the  trial  of  the  gun  is  contained 
in  Appendix  23. 

The  Yates  gun  is  of  8-inch  caliber,  and  will  also  consist  of  a  10-inch 
smooth-bore  cast-iron  gun,  suitably  modified,  and  with  the  attachment 
of  the  Yates  breech  mechanism.  The  work  is  being  done  at  the  South 
Boston  Foundry  but  has  been  much  delayed  from  the  difficulties  expe- 
rienced in  procuring  suitable  material  for  this  peculiar  construction. 
The  steel  castings  procured  from  the  Mid  vale  Steel  Company  for  the 
breech  mechanism  developed,  in  finishing,  sana  holes  that  caused  their 
rejection,  but  a  second  set  has  been  procured  and  found  satisfactory. 
The  first  tube  also,  obtained  from  Firth,  of  Sheffield,  England,  was  re- 
jected for  erroneous  dimensions ;  and  a  second  tube  has  been  ordered 
from  the  Kashua  Steel  Works,  Nashua,  New  Hampshire. 

Multicharge  gun. 

The  firings  with  the  Lyman-Haskell  multicharge  gun  were  discontin- 
ued after  the  thirty-third  round  on  account  of  the  development  of  a 
crack  in  the  inner  tube,  that  extends  from  a  short  distance  in  front  of 
the  foremost  pocket  to  the  muzzle  of  the  gun.  This  gun  is,  however, 
being  repaired  by  the  addition  of  steel  hoops  to  the  chase  portion  sur- 
rounding the  crack,  and  before  long  will  be  ready  for  further  trials. 

The  views  in  full  of  this  Department  of  the  merits  of  the  multicharge 
gun,  as  a  high-power  weapon  suitable  for  the  public  service,  as  derived 
from  the  trial  of  the  gun,  under  the  personal  management  and  saper- 
vision  of  Mr.  Haskell,  up  to  the  time  the  gun  was  disabled,  will  be 
found  in  Appendix  20.  Briefly  speaking,  the  results  as  yet  are  veiy 
far  from  fulfilling  expectations ;  indeed  the  actual  power  thus  far  real- 
ized is  small  in  proportion  to  the  weight  of  the  gun,  and  to  the  weight 
of  its  charge,  as  compared  with  the  results  from  contemporary  single 
charge  steel  guns. 

Steel  castings. 

During  the  pa-st  spring  the  Otis  Iron  and  Steel  Company  submitted 
a  proposition  to  the  Department  to  furnish  at  their  own  expense  a  rifled 
gun  of  from  8  to  10  inches  caliber,  made  from  a  steel  casting  and  nn- 
forged,  provided  the  Department  would  undertake  the  test  of  such  gun. 
It  was  proposed  to  cast  the  gun,  bore  it,  and  afterwards  heat  it  up  and 
cool  it  from  the  interior,  with  the  object  of  improving  the  metal  and 
securing  an  initial  tension,  after  the  manner  of  iron  guns  cast  on  tJie 
Bodman  plan. 

The  Department  did  not  entertain  very  sanguine  hopes  in  the  success 
of  such  a  project  in  the  present  state  of  the  art  of  producing  steel  cast- 
ings, but  thought  that  if  reasonably  good  results  could  be  obtained,  per- 
haps the  bodies  of  guns  might  be  manufactured  in  this  way  of  steel 
instead  of  cast  iron,  and  by  the  application  of  rolled  or  hammered  hoops 
to  the  exterior  add  sufficient  strength  to  make  a  fairly  good  gun.    But 
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as  a  preliminary  step  and  as  a  means  of  enabling  it  to  judge  of  the  value 
of  this  method,  it  was  deemed  best,  after  consultation  with  the  Otis 
Iron  and  Steel  Company,  that  an  experimental  steel  cylinder  should 
first  be  cadt,  and  after  treatment  in  the  manner  proposed,  be  cut  up  and 
subjected  to  mechanical  test  on  the  machine  at  Watertown  Arsenal. 
Such  a  cylinder  was  accordingly  cast,  and  of  the  following  dimensions: 

Length 60  inches. 

Exterior  diameter 24  inches. 

Interior  diameter 6  inches. 

The  results  of  the  physical  tests  made  at  Watertown  Arsenal  are 
^ven  in  Appendix  30.  They  show  very  fair  qualities  for  the  lower  por- 
tion of  the  cylinder,  but  which  deteriorate  rapidly  in  proceeding  up- 
wards and  become  quite  poor  at  the  top — as  regards  uniformity,  elonga- 
tion, and  reduction  of  area.  An  initial  tension  of  16^000  pounds  per 
square  inch  was  obtained  by  interior  cooling.  On  the  whole,  the  results 
were  not  very  satisfactory,  but  as  t)iis  was  the  first  trial  of  producing  a 
cylinder  simply  by  casting,  it  must  be  said  that  the  results  are  by  no 
means  discouraging.  From  the  experience  and  knowledge  now  gained 
a  much  better  result  should  be  expected  in  a  second  casting,  especially 
if  as  proposed  by  the  company,  fluid  compression  of  the  metal  is  resorted 
to.  Could  sound  castings  be  obtained  with  certainty,  doubtless  a  very 
fair  gun  would  be  produced  by  their  use,  without  a  very  great  outlay 
for  plant,  though  experience  alone  can  show  whether  if  proved  inferior 
to  forged  steel  there  would  be  a  proportional  economy  in  guns  so  made 
over  the  stronger  constructions,  and  therefore  more  powerful  weapons 
made  Irom  forged  and  tempered  steel. 

-    Prismatic  powders. 

The  now  well-recognized  superiority  of  molded  powders  of  prismatic 
form  with  a  central  perforation,  induced  the  Department  to  consider  the 
ex|)ediency  of  undertaking  their  manufacture  in  this  country.  To  this 
end  the  Messrs.  Da  Pont  de  Nemours  &  Go.  were  communicated  with, 
and  fdrnished  with  such  information  regarding  the  construction  of 
powder  presses,  and  the  manufacture  of  prismatic  powder,  as  the  De- 
partment had  at  its  disposal.  The  Messrs.  Du  Pont  readily  assented  to 
the  proposition  of  the  Department,  to  undertake  the  manufacture 
of  sach  powders,  and  for  some  months  past  have  been  c^ngaged  con- 
structing a  suitable  press.  All  the  necessary  arrangements  for  the 
manufacture  of  prismatic  powders  will  probably  be  completed  by  the 
end  of  October. 

In  this  connection  the  attention  of  the  Department  having  been  at- 
tracted to  the  remarkable  results  obtained  abroad  from  the  so-calle<l 
Brown  or  Cocoa  prismatic  powder,  of  German  manufacture,  several  sam- 
ples were  procured  for  trial  with  heavy  guns.  Samples  of  the  same 
wexe  also  supplied  to  the  Messrs.  Du  Pont^  who  now  have  this  &pec\e^ 

6191  osj> ^ 
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of  powder  under  investigation,  and  it  is  expected  that  at  an  early  day 
they  will  be  able  to  furnish  prismatic  powders  giving  results  equally  as 
good  as  have  been  obtained  with  the  Grerman  Cocoa  powders. 

Obturating  primers. 

The  rapid  deterioration  of  the  vent  of  heavy  guns,  in  firing  the  large 
charges  now  in  vogue,  renders  it  indispensable  that  some  vent-sealing 
device  be  employed  to  prevent  the  rush  of  gas  through  the  vent.  The 
most  convenient  way  of  effecting  this  obturation  of  the  vent  is  through 
the  action  of  the  primer  by  which  the  piece  is  fired.  Three  forms  of 
an  obturating  primer  have  been  manufactured  recently  at  the  Frank- 
ford  Arsenal,  and  are  to  be  subjected  to  tests  at  the  Proving  Ground. 
Two  of  these  primers  are  of  the  class  known  as  friction  primers,  and 
are  closely  allied  to  the  Krupp  obturating  friction  primer ;  the  third  is 
an  electric  primer  aod  was  designed  at  the  Frankford  Arsenal. 

Protection  of  torpedo  lines. 

For  experiments  in  this  direction  the  Department  procured  last  year 
a  Hotchkiss  47  ™™'  single  barrel  shoulder  gun,  and  a  Hotchkiss  53  "™. 
revolving  cannon.  Owing  to  dela^^  in  procuring  suitable  powder,  and 
the  more  pressing  urgency  of  other  work,  no  extended  trials  with  these 
guns  have  as  yet  been  made ;  they  will  be  taken  in  hand,  however,  early 
in  the  coming  year. 

A  table  of  data  respecting  the  Hotchkiss  single  barrel  guns  fur- 
nished by  Mr.  Hotchkiss  is  exhibited  in  Appendix  24. 

Experiments  icith  high  explosives. 

The  fortification  bill  approved  July  6, 1884,  provides  that  a  sum  not 
exceeding  fifteen  thousand  dollars  ''  maybe  used  for  the  expenses  of  ex- 
periments in  the  use  of  dynamite  or  other  high  explosive  projectiles,"  and 
the  Department  has  given  all  proper  assistance  and  encouragement  to 
private  parties  having  designs  or  inventions  that  promised  success. 
The  triiils  thus  far  have  been  tentative  merely,  and  nothing  has  been 
developed  that  calls  for  any  detailed  mention. 

Experiments  have  been  made  during  the  year  by  the  Ordnance  Board 
in  firing  shells  charged  with  explosive  gelatine  from  service  guns.  The 
practicability  of  making  such  firings,  using  ordinary  gunpowder  as  the 
propelling  agent,  with  safety  and  certainty  seems  now  almost  assured. 
Some  8-inch  steel  shell  have  been  ordered  with  a  view  to  increasing  the 
penetration  in  iron  plates,  and  with  the  expectation  that  the  explosive 
effect  of  the  gelatine  will  thereby  be  considerably  augmented. 

STEEL   GUNS  AND  CARRIAGES  FOR  FIELD  SERVICE. 

The  steel  3.2-inch  breech-loading  gun  designed  by  the  Ordnance  Board 
is  now  under  trial  by  the  Board  for  Testing  Rifled  Guns,  &c.  The  gun  is 
made  from  open-hearth  steel,  supplied  by  the  Midvale  Steel  Company, 
and  consists  mainly  of  a  steel  tube,  forged  and  annealed,  a  steel  jacket, 
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forged  and  oil  tempered,  a  trannion  hoop,  which  is  an  oil-tempered  steel 
casting,  and  a  sleeve  and  a  key  ring  of  forged  and  oil-tempered  steel. 
The  length  of  bore  is  26  calibers,  the  weight  793  pounds,  and  the  rifling 
consists  of  24  grooves,  having  a  uniform  twist  of  one  turn  in  thirty  cali- 
bers. The  gun  was  manufactured  at  the  Watertown  Arsenal  (see  Ap- 
pendix 33),  under  the  supervision  of  Major  Parker. 

The  experimental  character  of  this  gun  necessitated  a  number  of 
changes  in  details  during  its  manufacture ;  but  as  the  work  was  being 
done  at  a  Government  shop  no  material  expense  was  thereby  incurred* 
Indeed,  the  changes  made,  which  were  veritable  improvements  on  the 
original  design,  were  suggestions  mainly  from  the  Officers  of  the  Depart- 
ment entmsted  with  the  manufacture.  Mention  is  here  made  of  these 
facts  as  showing,  from  the  satisfactory  character  of  the  result,  the  wis- 
dom of  prosecuting  purely  experimental  work  at  some  Government  es- 
tablishment. 

Prior  to  being  turned  over  to  the  Board  for  Testing  Eifled  Guns,  &c., 
the  g^n  was  fired  some  sixty  rounds  under  the  direction  of  the  Ord- 
nance Board.    (  Bee  Appenpix  14.) 

The  results  obtained  with  3^  pounds  of  powder  and  a  13-pound  pro- 
jectile are  thus  summarized: 


laiibl  velocity. 


1635 
of  18  rounds. . 


Pressure. 


Pounds  per  tq,  inch. 

29116 
Meftn  of  25  rounds . 


Energy. 


Totsl. 


Foot-tona. 
241.20 


Square  inch 
01  cross  sec- 
tion. 


Foot'toni. 
29.M 


Per  pound 
of  powder. 


Foottont, 
68.91 


Per  pound- 
weight  of 
piece. 


Foot-pounds. 
681.63 


Per  cent, 
reslized. 


78 


Accuracy  of  fire  at  a  target  20  by  40  feet  at  1  mile  distance: 

Mean  yertical  deviation 3. 63  feet. 

Mean  horizontal  deviation 3. 23  feet. 

Mean  deviation 4. 26  leet. 

Pressure  and  velocity  with  3.5-pound  charges  and  13-pound  projec- 
tile:     ' 


ITiunber  of  roonds. 


of  6  rounds 
of  6  rounds 


Velocity  100' 
f^m  muzzle. 


1605 
1629 


Pressure  per 
square  inch. 


27,376 
29,960 


Bemsrks. 


Using  Freyre  gas  check. 
Using  De  Bangs  gas  check. 


These  results  are  deemed  extremely  favorable  as  compared  with  the 
firing  of  similar  guns  in  European  services.    (See  Appendix  14.) 

The  gun  has  been  fired  in  all,  thus  far,  two  hundred  and  forty  four 
rounds,  and  without  any  apparent  injury  or  deterioration  whatever. 
The  results  of  the  firings  are  embodied  in  the  progress  rep<H*t  of  the 
Board  for  Testing  Rifled  Guns,  &c.    (See  Appendix  22.) 
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As  is  usual  with  experimental  work,  doubtless  the  trials  will  indicate 
some  slight  modifications  still  to  be  made  in  the  definite  model  of  the 
«an. 

The  new  steel  field  carriage  now  being  used  in  the  trial  of  the 
;3.2-inch  breech-loiuliug  gun  was  manufactured  by  Lieutenant  Colonel 
Mordecai  at  the  Watervliet  Arsenal.  (For  description,  see  Appendix 
34.)  It  has  developed  some  points  of  weakness  during  the  filings,  but 
of  a  nature  such  as  to  admit  of  remedy  in  future  constructions. 

As  it  is  but  rational  to  anticipate  the  success  of  this  field  gun  and 
its  carriage,  an  estimate  has  been  submitted  and  an  appropriation  is 
asked  for  to  enable  the  Department  to  continue  their  fabrication  to  arm 
the  light  batteries  of  our  Army  with  a  modern  breech-loading  field  gun 
and  carriage. 

During  the  pnst  year  a  copper-banded  projectile  has  been  tested  with 
the  3.2-inch  field  gun  and  has  given  excellent  results,  and  other  banded 
projectiles  of  larger  caliber  are  under  fabrication  for  experiment;  a 
'  suitable  shell  and  shrapnel  for  the  field  service  have  also  been  devised 
and  tested,  and  point  time  and  percussion  fuses  have  been  adopted ; 
experiments  with  base  percussion  fuses  are  still  in  progress. 

These  various  trials  have  been  conducted  under  the  able  supervision 
of  the  Ordnance  Board,  consisting  of  Col.  T.  G.  Baylor,  Maj.  G.  W. 
McKee  and  Capt.  Chas.  Shaler,  who  have  in  most  instances  prepared 
the  designs  to  be  tested.  This  Board  has  thus  done  most  excellent 
work  in  estiiblishing  standards  for  construction  and  supply  of  suitable 
ammunition  for  field  and  sea-coast  service,  in  designing  a  field  steel  gun 
which  has  already  given  fair  promise  of  ultimate  success,  and,  in  con- 
nection with  Maj.  F.  H.  Parker,  commanding  the  Watertown  Arsenal, 
in  remodeling  our  existing  outfit  of  wrought-iron  sea-coast  carriages  to 
adapt  them  to  the  larger  charges  now  employed  or  to  the  introduction 
of  the  converted  rifled  guns. 

Full  records  of  the  very  accurate  tests  of  the  material  procured  by 
the  Department  for  gun  construction  will  be  published  in  the  forth- 
coming jeport  on -the  Tests  of  metal  made  at  the  Watertown  Arsenal 
during  1884. 

Reference  has  been  already  made  to  the  reports  by  ofQcers  of  the  De- 
partment, which  directly  pertain  to  the  duties  of  this  office,  and  to  the 
manufacture  of  cannon,  and  I  invite  special  attention  to  those  of  un- 
tisual  interest  and  value  made  by — 

Captain  Lyle^  on  the  construction  of  the  6.5-inch  Mann  breech-loading 
gun.    (Appendix  26.) 

Lieutenant  Birnie,  on  fabrication  of  coiled  wrought-iron  tubes  for 
8-inch  rifle  conversions,  and  of  life-saving  mortars.  (Appendices  27 
and  28.) 

Lieutenant  Borup^  on  construction  of  the  8-inch  converted  rifle,  steel 
lined.    (Appendix  26.) 

Lieutenant  Bruff^  on  construction  of  the  3.2-inch  steel  breech-loading 
/^U'/d  gun.    (Appendix  33.) 
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Lieutenant  MedcaXfe^  on  mannfactiire  of  billets  for  steel  wire,  at  the 
Otis  &  Co.'s  works.     (Appendix  30.) 

Lieutenant  Hobhs^  on  manufacture  of  steel  hoops,  steel  tubes,  &c.,  at 
the  Midvale  Steel  Works.    (Appendix  29.) 

I  have  thus  given,  in  brief,  an  idea  of  the  labors  of  this  Department, 
during  the  year,  in  the  line  of  gun  construction.  The  exhibit  is  an  en- 
couraging oue,  and  evidences  excellent  results  of  the  mtelligent  study 
and  experience  in  practical  details  of  the  officers  entrusted  with  this 
most  important  bn^nch  of  the  ordnance  service.  There  is  no  reason  to 
doubt  their  ability  to  grapple  with  success  the  most  difficult  theoretical 
and  practical  problems  of  heavy  gun  constructioq.  Should  Congress^ 
after  full  investigation  and  consideration,  determine  on  appropriations 
liberal  enough  to  encourage  the  manufacture  of  gun  steel  and  to  procure 
the  plant  for  gun  factories,  for  the  proper  and  speedy  armament  of  our 
coast  defenses,  the  country  can  rest  secure  in  the  belief  that  this  De- 
partment, through  the  labors  of  its  officers,  will  attain  the  same  promi- 
nence in  this  regard  that  it  held  twenty  five  years  ago. 

In  this  connection,  I  take  great  pleasure  in  highly  commending  (3apt. 
C.  S.  Smith,  in  charge  of  the  construction  division  of  this  office,  for  dis- 
tinguished merit  and  most  thbrough  and  efficient  services. 

THE  HIL.ITIA. 

So  much  has  been  already  written  and  recommended  in  previous  re- 
ports on  the  great  importance  of  encouraging  the  formation  of  volun- 
teer organizations  throughout  the  country,  by  a  large  increase  of  the 
annual  appropriation  for  arming  and  equipping  the  militia,  and  the  pas- 
sage of  the  bill  in  the  Senate  and  the  action  of  the  House  pointing  to 
a  favorable  result,  any  further  discussion  of  the  matter  seems  unneces- 
sary. 

It  is  interesting,  however,  to  note  the  opinion  of  General  Washing- 
ton, in  a  circular  letter  to  the  governors  of  the  several  States,  from  his 
headquarters,  Newburg,  June  18, 1783.    He  says : 

*'Ab  there  can  be  little  donbt  bnt  Congreas  will  recommend  a  proper  peace 
establishment  for  the  United  States,  in  which  a  due  attention  will  be  paid  to  the 
importance  of  placing  the  militia  of  the  Union  npon  a  regular  and  respectable 
footing,  if  this  should  be  the  case,  I  should  beg  leave  to  nrg^  the  great  advantage 
of  it  in  the  strongest  terms. 

"  The  militia  of  this  country  must  be  considered  as  the  palladium  of  our  security 
and  the  first  effectual  resort  in  case  of  hostility ;  it  is  essential,  therefore,  that  the 
aame  system  should  pervade  the  whole ;  that  the  formation  and  discipline  of  the  mili- 
tia of  the  continent  should  be  absolutely  uniform ;  and  that  the  saipe  species  of  arms^ 
accooteriiients,  and  military  apparatus  should  be  introduced  in  everj'  part  of  the 
United  States.  No  one,  who  has  not  learned  it  from  experience,  can  conceive  the  diffi- 
ealty,  expense,  and  confusion  which  result  from  a  contrary  system,  or  the  vague  ar- 
imngementB  which  have  hitherto  prevailed." 

That  the  Senate  bill  now  pending  in  the  House  may  become  a  law,  is 
recommended  in  the  strongest  terwa. 
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UNITED  STATES  TESTING  MACHINE. 

Maj.  F.  H.  Parker,  eoinmanding  the  Watertown  Arsenal  bas  made 
his  report  of  tests  of  iron,  steel,  and  other  materials  for  industrial  par- 
poses  for  the  past  fiscal  year.  The  report  will  be  submitted  to  you  for 
transmission  to  Congress  at  the  opening  of  the  next  session,  as  required 
by  law. 

The  number  of  public  tests  made  during  the  year  was  1,424,  and  in 
a<lditiou  4LL  tests  for  private  parties  were  made,  making  a  total  of 
1,835  tests.  More  than  three-fourths  of  the  tests  made  were  for  Gov- 
ernment  service,  and  unless  an  additional  machine  is  provided,  as  esti- 
mated for,  all  private  tests  will  have  ere  long  to  be  discontinued.  The 
fact  that  during  the  year  the  machine  was  disabled  and  undergoing  re- 
l^airs  for  a  period  of  forty-one  days,  is  the  strongest  argument  in  favor 
of  additional  facilities  for  the  prosecution  of  such  important  work. 

I  have  the  honor  to  submit  the  following  papers,  heretofore  referred 
to: 

Appendix  1.  Statement  of  principal  articles  procured  by  fabrication 
during  the  year  ended  June  30,  1884. 

Appendix  2.  Statement  of  principal  articles  procured  by  purchase 
during  the  jear  ended  June  30,  1884. 

Appendix  3.  Statement  of  ordnance,  ordnance  stores,  &;c.,  issued  to 
the  military  establishment,  exclusive  of  the  militia,  during  the  year  ended 
June  30,  1884. 

Appendix  4:.  Apportionment  for  the  fiscal  year  ended  June  30,  1884, 
of  the  annual  appropriation  of  $200,000  for  arming  and  equii^ping  the 
militia,  under  sections  1661  and  1667,  Kevised  Statutes. 

Appendix  5.  Statement  of  ordnance,  ordnance  stores,  &c.,  distributed 
to  the  militia  from  July  1, 1883,  to  June  30, 1884,  under  section  1667, 
Kevised  Statutes. 

Appendix  6.  Statement  of  arms,  ammunition,  &c.,  distributed'  to  the 
Territories  and  States  bordering  thereon  from  July  1, 1883,  to  June  30, 
1884,  under  the  joint  resolutions  of  July  3, 1876,  March  3, 1877,  and  June 
7,  1878,  and  the  act  of  May  16,  1878. 

Appendix  7.  Statement  of  ordnance,  oidnanse  stores,  &c.,  distributed 
to  colleger  from  July  1,  1883,  to  June  30,  1884,  under  section  1225,  Re- 
vised Statutes. 

Appendix  8.  Report  of  action  taken  during  the  year  ended  June  30, 
1884,  under  the  provisions  of  the  act  approved  March  3, 1881. 

Appendix  9.  The  oxidation  of  metallic  parts  of  the  Springfield  rifle. 

Appendix  10.  Report  of  the  principal  operations  at  the  Rock  Island 
Arsenal,  Illinois,  during  the  fiscal  year  ended  June  30, 1884.    (2  plat^es.) 

Appendix  11.  Report  of  the  principal  operations  at  the  United  States 
Powder  Depot,  Dover,  N.  J.,  during  the  fiscal  year  ended  June  30, 1884. 
(3  plates.) 
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Appendix  12.  DescriptioD  of  the  rod  bayonet  and  attachment^  and 
front  and  rear  sight  for  the  Springtield  rifle,  model  1884.     (1  plate.) 

Appendix  13.  Beport  of  artillery  practice  at  the  Narrows,  New  York 
Harbor.    (3  i>lates.) 

REPORTS  OF  THE  ORDNANCE  BOARD. 

Appendix  14.  Partial  trial  of  3.2-incb  breecbloading  steel  rifle.  (4 
plates.) 

Appendix  16. — Report  on  solid-band  shell  for  3.2-inch  breech-loading 
steel  gun.    (7  plates.) 

Appendix  16. — Beport  on  shrapnel  and  shell  for  3.2inch  breecb-loading 
steel  gun.    (2  plates.) 

Appendix  17. — ^Trial  of  10-incb  rifled  mortars  Nos.  1  and  2.    (8  plates.) 

Appendix  18. — ^Trial  of  the  improved  Gardner  gun,  caliber  .45.  (13 
plates.) 

Appendix  19. — Progress  report  on  explosive  gelatine.    (2  plates.) 

Appendix  20. — Report  on  the  Lyman-Haskell  multicharge  gun. 

REPORTS  OP  THE  BOARD  FOR  TpSTING  RIFLED   CANNON  APPOINTED 

UNDER  THE  ACT  OF  JULY  6,   1884. 

Appendix  21. — Trial  of  an  8-incb  muzzle-loading  rifle,  lined  with  a  steel 
tnbe — converted  from  a  10-inch  smooth-bore  Rodman  gnu. 
Appendix  22. — Trial  of  3.2-inch  breech-loading  steel  rifle.    (1  plate.) 
Appendix  23. — Trial  of  H.  F.  Mann's  6^-incb  breech-loading  rifled  can- 
non.   (5  plates.) 

ORDNANCE  CONSTRUCTION. 

Appendix  24. — Table  of  the  Hotchkiss  single-barrel  rapid  firing  non- 
recoil  guns. 

Appendix  25. — Construction  report  of  the  6^-inch  Mann  breech-loading 
rifle.  ■  (1  plate.) 

Appendix  26. — Construction  report  of  an  8-inch  rifle  converted  from  a 
10-inch  smooth-bore  Bodman  gun  by  lining  with  a  steel  tube.    (1  plate.) 

Appendix  27. — Beport  on  the  manufacture  of  coiled  wrought-iron  tubes 
and  the  conversion  of  10-inch  smooth-bore  Bodman  guns  into  8-inch 
rifles.    (7  plates.) 

Appendix  28. — Beport  on  the  manufacture  of  life-saving  guns  and  pro- 
jectiles.   (5  plates.) 

Appendix  29. — Beport  on  the  manufacture  of  the  Mid  vale  steel  forg- 
ings  for  gun  construction. 

Appendix  30. — Beport  on  the  manufacture  of  billets  and  bars  and  a 
steel  casting  for  gun  construction  at  the  Otis  Steel  Works.    (1  plate.) 

Appendix  31. — ^Beport  on  physical  properties  of  materials  for  gun 
construction  at  the  South  Boston  Iron  Works. 

Appendix  32. — ^Beport  on  the  manufacture  of  projectiles  and  sabots. 
(6  plates.) 
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Appendix  33. — Report  of  manufacture  of  3.2-iDcli  breech-loading  steel 
rifle  at  Watertown  Arsenal.    (14  plates.) 

Appendix  34. — Report  on  construction  of  metallic  field  carriages  foi 
3.2-iuch  breech-loading  rifles.    (3  plates.) 

Appendix  35. — Description  of  the  Piper  field  and  siege  gin.    (5  plates.  ] 

Appendix  36. — ^Tests  of  Whit  worth  steel  for  8-inch  breech -loading  rifl€ 
and  12-inch  rifled  mortar. 

Appendix  37. — ^The  barbette  carriage  for  15-inch  smooth-bore  gun  and 
11-inch  rifle.    (2  plates.) 

Appendix  38. — Proposed  10-inch  steel  breech-loading  rifle.    (1  plate.) 


Appendix  39. — Showing  the  stations  and  duties  of  the  officers  of  the 
Ordnance  Department. 
I  have  the  honor  to  be,  very  respectfully,  your  obedient  servant, 

8.  V.  BBNfiT, 
Brigadier-OeTieral^  Chief  of  Ordnance. 

To  the  Hon.  Secretary  op  War. 


Appendix  1. 


8taim$iU  of  principal  articles  procured  by  fabrication  during  the  fiscal 

year  ended  June  ^,  1884. 

Class  L 

1  3.2-inoh  breech-loading  rifled  steel  gnn. 

Glass  II. 

100  gan  carriages  for  life-saving  service. 

7  metallic  carriages  for  3.20-inch  rifle. 

2  metallic  limbers  for  3.20-inch  rifle. 

1  carriage  and  chassis  for  11-inch  rifle. 

1  carriage  and  chassis  for  15-inch  gun. 

Glass  in. 

1  breech-sight  for  12-pounder  mountain  howitzer. 

3  breech-sights  for  3-inch  rifle. 
100  combination  levels. 

102  chocks. 

8  fhse-plug  wrenches. 
100  gunners'  haversacks. 

7  gun  covers. 

14  gunners'  sleeves. 

61  handspikes. 

18  sets  artillery  harness  for  2-wheel  horses. 

10  sets  harness  for  Laidley  cavalry  forge. 

170  harness  sacks. 

118  lanyards. 

9  muzzle  or  front  sights. 
200  powder  measures. 

132  priming  wires. 

5  pouches  for  sights. 

100  quoins. 

50  securing  stakes. 

17  scrapers  for  cannon. 

16  shot  carriers. 

12  sponge  covers  for  3-inch  rifle. 

13  sponge  covers  for  3.2-inch  rifle. 

20  sponge  covers  for  12-pounder  gun. 

2  sponge  Covers  for  6-pounder  gun. 

100  sponge  covers  for  2^inch  life-saving  guns. 

20  sponge  covers  for  Impounder  mountain  howitzer. 

100  sponges  and  rammers  for  2^-inch  life-saving  guns. 

14  6i)onges  and  rammers  for  3^0-inch  rifle. 
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2    sponges  and  rammers  for  8-inch  siege  howitzer. 

1  sponge  and  rammer  for  6-pounder  gan. 

70  sponges  and  rammers  for  12-poauder  mountain  howitzer. 

90  sponges  and  rammers  for  3-inch  rifle. 

6  sponges  and  staves  for  10-inch  Bodman  gun. 

26  sponges  and  staves  for  3-inch  rifle. 

2  sponges  and  staves  for  3.2-inch  rifle. 
21  sponges  and  staves  for  12-pounder  gun. 

4  sponges  and  staves  for  4.5-inch  rifle. 
1    sponge  and  stave  for  20-inch  gun. 

46  vent  covers. 

18  vent  pieces. 

20  wipers  for  mortars. 

1  pocket  wiping  apparatus  for  multicharge  gun. 

100  wiping  rods  and  wipers. 

Class  IV. 

85    3.2-inch  shell. 
25    3.2-inch  shrapnel. 
123    4.2-inch  Eureka  shot. 

Class  V. 

17    8-inch  service  canister. 

5  8-inch  wire  canister. 

25    12-pounder  shell,  strapped. 

(3LASS  VI. 

^y  380  Springfield  rifles,  caliber  .45. 

753  Chaffee-Eeece  magazine  rifles,  caliber  .45 

250  officer's  swords. 

1  cavalry  saber. 

Class  VII. 

ARTILLERY  AOCOUTERMENTS. 

2, 700    saber  belts. 
200    saber-belt  plates. 

CAVALRY  AOCOUTERMENTS. 

6, 102  carbine  slings. 

2, 676  saber  belts. 

102  saber  slings. 

1, 000  saber  snaps. 

69  Stuart's  attachments. 

1, 404  pistol  holsters. 

976  revolver  belts. 

INFANTRY  EQUIPMENTS. 

^9, 810    bayonet  scabbards. 
1, 733    bayonet-scabbard  bodies. 
Z,  010    blanket  bags. 
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5, 010  blauketbdg  shouider  straps. 

5, 986  pair  coat  straps. 

ly  828  clothing-bag  straps. 

6y  200  cauteeos. 

6, 801  canteeu  straps. 

1, 000  canteen  covers. 

50  canteen  corks  and  chains. 

4, 551  cartridge  boxes,  pattern  1874,  McKeevor. 

8,  710  cartridge-belt  plates. 

2  cartridge  belts. 

12  frogs,  sliding. 

3, 896  gan  slings. 

4, 764  haversacks. 

1, 500  haversack  straps. 

4, 655  hnnting-knife  scabbards. 

7,300  meat  cans. 

6, 000  tin  cnps. 

6, 911  waist  belts. 

3,093  waist-belt  plates. 

1, 700  wai8t  belts  and  plates,  pattern  1874. 

2  waist  belts,  non-commissioned  officers. 

APPENDAGES. 

400  brush- wipers  for  shells. 

141  bnllet  molds,  4  balls,  caliber  .45. 

250  cleaning  rods  for  shot-guns. 

12, 604  headless  shell  extractors. 

15,319  screw-drivers. 

28, 291  wooden  wiping-rods. 

500  pine  plugs  for  rifle-muzzle. 

1  spirit-level. 

HORSE  EQUIPMENTS. 

2, 171  bridles,  curb,  cavalry. 

7, 008  bits,  curb,  cavalry. 

1.000  bridles,  watering.  ^ 
119  carbine  sockets. 

1  carbine  holster. 

3. 001  cincbas,  or  hair  girths. 
808  cincha  straps. 

238  girth  safes. 

3  curry  combs. 

1, 240  halters  and  straps. 

1, 918  halter  straps. 

261  halter  headstalls. 

3  headstalls  for  bridles. 

48  halter  bolts. 

60  halter  squares. 

€,  000  fasteners  for  side  lines. 

100  foot  staples,  brass. 

200  brass  staples  for  saddle  bags. 

9, 150  horse  brushes. 

1, 000  horse  covers,  with  surcingles. 

40  loops. 
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8, 791  nose  bags. 

312  ovals,  gaard  plate. 

3, 980  picket  pins. 

1  rifle  boot. 

2j  003  saddles,  cavalry,  leather-covered. 

82  saddle  cloths,  hair. 

22  saddle  bags,  leather. 

24  saddle  bag  studs. 

8, 376  side  lines. 

1, 096  spur  straps. 

430  stirrup  straps. 

1  wooden  stirrup. 

1, 326  staples  for  rings. 

600  rings,  D. 

Class  vni. 

15, 477  blank  cartridges,  3-inch  gun. 

8, 579  blank  cartridges,  6-pounder  gun. 

4, 589  blank  cartridges,  ^  pound. 

1, 230  blank  cartridges,  L  pound. 

500  blank  cartridges,  2  pound. 

4,300  blank  cartridges,  12-pouDder  mountain  howitzer. 

\     13, 178  blank  cartridges,  light,  12- pounder  gun. 

800  blank  cartridges,  heavy,  12-pounder  gun. 

7, 417, 135  rifle-ball  cartridges,  caliber  .45,  reloading. 

583, 795  rifle  and  carbine  blank  cartridges,  caliber  .45,  reloading 

40, 760  rifle-ball  cartridges,  caliber  .45, 2.4-inch  shell,  reloading 
grains  powder. 

1, 019, 149  carbine  ball  cartridges,  caliber  .45,  reloading. 

508, 218  revolver  ball  cartridges,  caliber  .45,  reloading. 

257, 016  revolver  blank  cartridges,  caliber  .45,  reloading. 

5, 068, 000  rifle  bullets,  caliber  .45, 500  grains. 

899, 538  carbine  bullets,  caliber  .45,  &5  grains. 

122, 000  revolver  bullets,  caliber  ,46. 


1:2:2,000 

2, 112, 700 
•  5.  MO 


•  5, 380 


round  balls,  caliber  .45. 

electric  primers  for  cannon. 

514    metallic-fuse  plugs,  time. 
51    wooden  ftises. 

Glass  IX. 


1  capstan. 

10  capstan  bars. 

2  aiming  stands. 
12  chocks,  gin. 

i6  disks. 

1  gin,  field,  and  siege.  Piper  pattern. 
144  guards  for  fencing  swords. 

2  hand  carts. 

1  portable  harness  rack. 

6  platforms  for  mortars. 

7  platforms  for  siege  carriages. 
8, 662, 000  pasters. 

5  rollers,  long. 

6  shifting  planks. 
6  skids. 
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234  shot  marks. 

184  signal  flags. 

71  Btreaoiers  for  rifle  range. 

3  targets,  Brinton. 
17  targets,  Gushing. 

379  targets,  Laidley  revolving. 

6  track  targets. 

29, 550  paper  targets. 

1, 002  target  frames. 

362  parts  of  targets. 

830  parts  of  Laidley  revolving  targets. 

RELOADING  TOOLS. 

66  boxe^  reloading  tools. 

1  set  hand-reloading  tools. 
152  bnlletmold  gates. 

65  blocks,  priming,  lead. 

100  caps,  crimping  die. 

124  chargers.     ^ 

255  combination  anvils.  * 

64  funnels. 

178  bottoms,  reloading  tool  boxes. 

10  primer  extractors. 
170  priming  tools. 

11  priming  tool  spindles. 
849  pins  for  primer  extractor. 
257  reloading  dies. 

226  reloading  punches.  , 

224  resizing  dies. 

100  resizing  punches. 

50  resizing  die  sockets. 

62  shell  scrapers. 

2  screws,  primer  extractors. 

1  key  and  washer  for  Michaelis'  powder  charger 

103  washers  tor  reloading  pnnch. 

Class  X. 

13  ammunition  chests. 

1  axle  body  for  field  carriage. 

1  bed-plate  for  Gatling-gun  carriage. 

1  bolster  for  4.5inch  siege  carriage. 

1  linch  pin  and  washer,  Laidley  cavalry  forge. 

2  pair  shafts  for  Laidley  cavalry  forge. 
10  poles,  field  or  siege  carriage. 

2  thills  for  Hotchkiss  mountain  carriage. 

6  rear  hnster  bolts  for  15inch  chassis. 

8  carriage  hooks  for  15-inch  chassis. 

4  singletrees  for  caisson  of  3.20-inch  rifle. 

2  splinter  bars  for  caisson  of  3.204nch  rifle. 

2  straps  for  field  caisson. 

2  middle  rails  for  field  caisson. 

6  stay  pinkeys  for  fleld  caisson. 

16  traces  for  splinter  bars. 

1  wheel^  No,  1,  complete. 
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1  wheel,  No.  6,  complete. 

1  wheel,  Archibald  patent. 

1  wheel,    Sarvin  patent. 
10  shoes  for  No.  I  wheel. 
18  collars. 

2  saddles. 

41  valise  straps. 

12  seats  for  driver's  saddle. 

7  iron  props  for  sponges  and  rammers. 

2  handspike  rings. 

50  rammer  heads,  3-iuch  gun. 

10  rammer  heads,  Gponnder  gun. 

24  rings  for  rammer  heads. 

50  sponge  heads,  3-inch  rifle  gun. 

10  sponge  heads,  6-pounder  gun. 

32  sponges,  12- pounder  mountain  howitzer. 

4  sponges,  13-inch  sea-coast  mortar,  woolen. 

200  wood  sabots  for  15-inch  gun. 

50  sabots  for  multicharge  gun. 

75  sabot  coppers  for  multicharge  gun. 

250  sabot  leathers  for  multicharge  gun. 

200  tin  straps  for  wood  sabots,  15-inch  gun. 

SPARE  PARTS  OF  SPRINGFIELD  RIFLE  AND    OABBINB,  VIZ: 

1, 982  stockH  (wood  part)  Springfield  rifle. 

81  tips. 

118  tip  screws. 

324  ramrod  stops. 

5G  band  springs. 

70  side  screw  washers. 

95  butt  plates. 

356  butt  plate  screws. 

26  guard  plates. 

75  guard  bows. 

173  guard  bow  swivels. 

257  guard-bow  swivel  screws. 

32  guards,  complete. 

269  guard-bow  nuts. 

1, 249  triggers. 

700  trigger  screws. 

638  guard  screws. 

890  rear-sight  bases. 

796  rear-sight  base  springs. 

1, 358  rear  sight  base  screws. 

1, 603  rear-sight  leaves. 

1, 097  rear  sight  slide  plates. 

994  rear  sight  slide  blocks. 

800  rear  sight  slide  springs. 

7, 520  rear-sight  slide  screws. 

780  rear-sight  centering  pins.  . 

837  rear-sight  joint  pins. 

5,  724  rear-sight  buckhorn  plates. 

196  rear-sights,  complete. 

86  barrels. 

3f  12S  rear  »\ght  covers. 
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3, 421  extractors. 

86  hinge  pins. 

1, 508  ejector  springs. 

5, 283  ejector-spring  spindles. 

95  ejector  studs. 

184  cam  latches. 

406  breech-block  caps. 

134  thnmb  pieces. 

19  breech  blocks. 

3, 259  breech-block  cap  screws. 

6y  982  firing  pins. 

3, 096  firing-pin  screws. 

846  cam-latch  springs. 

42  breech  screws. 

859  front  sights. 

329  front-sight  rivets. 

1, 067  tang  screws. 

20  carbine  bands. 

10  band-swivel  hooks. 

27  bands,  upper. 

10  band-swivel  pins. 

48  bands,  lower. 

Ill  lock  plates. 

1, 675  main  springs. 

56  mainspring  swivels. 

24  main-spring  swivel  rivets. 

23  hammers. 

1, 629  tumblers. 

3, 549  tambler  screws. 

2, 589  bridles. 

306  bridle  screws. 

1, 780  sears. 

2, 629  sear  screws. 

1, 440  sear  springs. 

874  sear- spring  screws. 

918  side  screws. 

272  ramrods. 

3  ramnnls,  jointed. 

495  ba^^onets. 

50  ba^-onet  clasps. 

445  bayonet-clasp  screws. 

135  bayonets,  com])lete. 
195  locks,  complete. 
624  stocks. 

1, 136  pistol  grips. 

508  pistol-grip  screws. 

51  barrel  studs. 
10  rod  bayonets. 

35  rod-bayonet  springs. 

12  firing-pin  springs. 

1  stock  for  officer's  rifle. 

1  ramral  head    '^ 

1  ramrod  tip       " 

2  thimbles  << 

7, 300  cartridge  bags,  i  pound. 

500  cartrid^^  ba^rs,  1  pound. 
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3, 000  cartridge  bags,  2  ponuds. 

9, 000  cartridge  bags,  3-inch  gun. 

4, 610  cartridge  bags,  6-poander  gun. 

70  cartridge  bags,  4^-inch  siege  gun. 

3, 132  cartridge  bags,  8-inch  converted  rifle. 

900  cartridge  bags,  10-inch  Rodman  gun. 

12, 000  cartridge  bags,  light  12pounder  gun. 

150  cartridge  bags,  3.2inch  breech-loading  chambered  rifl« 

2, 000  cartridge  bags,  12-pounder  mountain  howitzer. 

4, 025, 000  cartridge  primers. 

4, 110  rifle-cartridge  shells. 

63, 000  revolver  cartridge  shells. 

14, 891  shot-gun  cartridge  shells. 

MISCELLANEOUS. 

1, 567  arm  chests. 

4, 199  boxes,  packing. 

1  box,  packing,  tin. 
200  powder  barrels. 
448  cans,  tin. 

2  book  cases. 

1  mail  pouch. 

21  tree  guards. 

50  boxes  cleaning  material. 

50  boxes  of  ingredients  for  leather  blacking. 

5  ponuds  of  ingredients  for  leather  blacking. 

114  portable  arm  racks. 

2  book-racks. 

200  boxes  stencil  blacking. 

2  stands  for  polishing  wheels. 

40  ounces  scouring  material. 

173  quarts  blacking  for  leather. 

1^  pints  browning  mixture. 

2  arbors. 

590  brushes,  assorted. 

16  bitts,  assorted. 

2  calipers. 

154  chisels,  various. 

13  clamps,  saddlers'. 

500  disks,  pressure,  copper. 

1, 974  dies,  various. 

1,264  drills. 

11, 100  copper  cylinders. 

2  dippers,  tin. 

1, 379  files,  assorted. 

1  furnace,  plumbers'. 

1  furnace,  annealing. 

60  gauges. 

600  gas-checks. 

9  hammers. 

22  horses,  saddlers'. 
12  mallets. 

1, 129  mills,  armorers'. 

125  mandrels. 

1  polishing  frame. 

676  pauchesj  assorted. 
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2^  reamers. 

3  scrapers. 

2  sets  stamps  and  figures. 

6  pulleys. 

13  seal  stamps. 

1  set  stencil  outfit. 

160  taps,  various. 

1  indenting  tool. 

1, 358  tools  for  current  service. 

1  set  tools,  pressure  gauge. 

1  set  sabot  tools. 

11  wrenches. 

1  wax-heating  apparatus. 

1  glue-x>ot. 

2  smiths'  apron. 

10,000  brass  bar-buckles,  |  inch. 

6,000  brass  bar-buckles,  f  inch. 

5,000  brass  bar- buckles,  |  inch. 

902  brass  rings,  1^  inch. 

148  brass-rings,  2|  inch. 

22  cast-iron  posts. 

1  plate  sheet  iron. 

237  stoves  for  Quartermaster's  Department. 

870  parts  of  stoves  for  Quartermaster's  Department. 

24  spiral  springs. 

6  springs,  crusher  gauge. 

4  test  specimen-heads. 

3  ring-gauges  for  setting  star-gauge. 

2  ring-gauges  for  projectiles. 
2  star  gauges,  complete. 

2  sets  star- gauge  measuring  points. 

1  rifle-guide  for  star-gauge  points. 

300  pressure  gauge-blocks. 

170  pounds  wheel  grease. 

55  gallons  lacker. 

4,809  pounds  harness  oil. 

64  ounces  polish  for  leather. 

537  pounds  black  paint. 

2, 140  pounds  olive  paint. 

2,211  pounds  paint,  assorted. 

50  pounds  black  wax. 

MACHINES. 

1  machine,  dynamo-electric. 

1  machine,  loading  friction  primers. 

2  machines,  foiling  friction  primers. 
1  machine,  making  hair-rope. 

1  machine,  primer  charging. 

1  machine,  primer  varnishing. 

1  machine,  cartridge  heading. 

3  machines,  head  trimming. 

1  machine,  cartridge  tapering. 

2  machines,  pocket  sizing. 
2  macliities,  packet  venting. 
2  primer  presses. 

dIPl  OBD 3 


Appendix  2. 


statement  of  principal  articles  procured  by  purchase  during  the  year 

June  30, 1884. 

Glass  I. 

51  8-inch  muzzle-loading  rifles  converted  from  10-inch  sn 

bore  gnns. 

135  2^-inch  bronze  life-saving  guns. 

1  HotchkisB  revolving  cannon,  53™™. 

1  Hotchkiss  1-barrel  shoulder  gun,  47™™. 

1  Lowell  battery  gun,  caliber,  .45. 

25  Catling  guns  (10  barrels)  caliber,  .45. 

Glass  II. 

1    carriage  for  Hotchkiss  revolving  cannon,  63™™. 

1  carriage  for  Lowell  battery  gun. 

Glass  III. 

2  baskets  for  mortar  implements. 

100  feed  magazines,  Gatling  gun,  caliber,  .45. 

6  gun  scrapers. 

200  paulins,  12  by  15  feet. 

2  sets  reloading  tools,  Hotchkiss  gun. 

4  sights. 

5  seats. 

Glass  IV. 

74  10-inch  mortar  shells. 

1, 539  8-inch  Eureka  shot. 

25  8-inch  Parrott-cored  shot. 

9  8-inch  experimental  shell  for  explosive  gelatine. 

200  15-inch  solid  shot. 

250  6.5-inch  Mann's  solid  shot 

150  6-inch  shot  for  multicharge  gun. 

600  4^.inch  Butler  shot 

500  4finch  Butler  shell. 

500  3-inch  Butler-cored  shot. 

500  3-inch  Butler  shell. 

25  3.20inch  Hotchkiss  case  shot. 

25  3.20-inch  Hotchkiss  shell. 

1, 620  2^-inch  projectiles  for  life-saving  gun. 

1, 000  shell  for  Hotchkiss  shoulder  gun,  47™™. 

2, 000  shell  for  Hotchkiss  revolving  cannon,  53' 
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Class  VI. 

200  Hotchkiss  magazine  rifles,  caliber  .45. 

24  breech-loading  shot-guns. 

2, 002  Colt's  revolvers,  caliber  .45 

Class  VII. 

3,052  saddle  blankets,  cavalry. 

500  cavalry  saber  belts  and  plates. 

5,950  cartridge  boxes. 

2  curry  combs. 

2  cincha  straps. 

1, 728  escntcheon  pins. 

138  ponnd  escutcheon  pins  for  saddles. 

2  horse  brushes. 

2  horse  covers. 

3  lariats. 

300  sets  knives  and  forks. 

1  saddle-bag  (California  pattern). 

1  saddle. 

2, 500  steel  bayonet  scabbards. 

6, 075  waist  belts  and  plates. 

1, 000  woven  loops  for  cartridge  boxes. 

Class  VIII. 

6, 550  pounds  blasting  powder. 

20, 000  xx>u^^8  cannon  powder. 

124  pounds  giant  powder. 

4, 000  pounds  granulated  powder. 

49, 000  pounds  hexagonal  powder. 

106, 825  pounds  musket  powder. 

182, 500  rifle  ball-cartridges,  caliber  .45.    . 

150, 000  rifle  blank  cartridges,  caliber  .50. 

10, 000  rifle  blank  cartridges,  caliber  .45. 

28, 800  brass  shells. 

900  giant-powder  caps. 

239, 000  lead  bullets. 

10, 000  lubricants. 

10  pounds  nitro-glycerine. 
183, 000  primers  for  card*idge8. 

9, 245  paper  shells. 

187  paper  cylinders. 

18, 800  pounds  drop  shot. 

80  reloaders. 

17  sets  reloading  and  cleaning  tools  for  shot  gun. 

2,124  feet  safety -fuse. 

746, 000  wads. 

Class  IX. 

11  double  blocks. 

13  single  blocks. 
3  treble  blocks. 

14  pulley  blocks. 
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5, 100  marksman's  buttons. 

2  hydraaiic  jacks. 

10  rollers. 

1  sheare. 

2  sling  earts. 

2    range-finders,  Pratt's. 

Glass  X. 

70  baiter  chains. 

2y  000  halter  bolts. 

5, 500  baiter  squares. 

17, 120  roller  buckles. 

6,2d4  rings. 

100  stocks  for  Hotchkiss  magazine  guns. 

666  8inch  Butler  sabots. 

5  saddle-trees. 

4, 452  spring-snaps. 

16  wheels,  artillery. 

PART  SECOND:   CLOTH,  ROPE,  THREAD,  &a 

227    yards  burlaps. 
175    yards  canvas. 
114^yards  carpeting. 
1, 721    pounds  cord  and  twine. 
1, 590f  yards  cord  and  twine. 
60J  yards  oil-cloth. 
8|  yards  enameled  cloth. 
894f  square  yards  cotton  cloth. 
28, 4144  .y^rds  cotton  cloth. 
7, 534^  pounds  cotton  waste. 
288f  yanls  cotton  felt. 
110    yards  hair  felt. 
372|  yards  flannel: 
100    yards  canton  flannel. 
1, 301    pounds  hair. 

50    pounds  hemp  packing. 
10    yards  linen  cloth. 
ISlA^yards  matting. 
376^  pounds  marlin. 
16^^  yanls  velvet. 
50    pounds  oaknm. 
7, 607    pounds  rope. 
60    feet  rope. 
16^  pounds  silk. 
1, 812|  x>ounds  thread. 
oOi  yards  ticking. 
24    towels. 
46    yards  toweling. 
liiO    pounds  tow. 
11, 551^  yards  webbing. 

13h  vards  woolen  cloth. 
4, 026    pounds  wool. 
73    pounds  yarn. 
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FORAGE. 

19, 286    pounds  barley. 
29, 504    pounds  bran.  • 

798f|ba8hels  corn. 

25^  barrels  flour. 

ll|  bushels  grass-seed. 
13, 435    pounds  ground-feed. 
57, 367    pounds  hay. 
790    bushels  meal. 
10, 246    bushels  oats. 

37    barrels  salt. 
63, 712    pounds  straw. 

IRONMONGERY. 

101^  pounds  babbitt  metal. 
548, 612    pounds  I  and  channel  beams. 
4    boilers. 
362    feet  boiler  tubes. 
1, 836    pounds  bolts. 
9, 848    bolts  and  staples. 
2, 716J  pounds  sheet  brass. 
509    buckles. 
329    buttons. 

625^  pounds  rivets  and  burrs. 
4, 681^  pounds  brass  castings. 
117, 226    pounds  iron  castings. 
11, 611^  pounds  bar  copper. 
413, 439    x>ouuds  sheet  copper. 
3, 302    pounds  chain. 
28, 253    eyelets  and  hooks. 
412    gas  fixtures. 
270    gas  burners. 
336j  feet  gas  pipe. 
96|  pennyweights  gold. 
245    hasps  and  hooks. 
1, 376    pairs  hinges. 
84    hose  fittings. 
44, 821    horse-shoes. 
3, 689    pounds  horse-shoe  nails. 
2    hydrants. 
517, 759^  pounds  wrought  iron. 
3,997|  pounds  hoop  iron. 
26, 564    x>ounds  sheet  iron. . 
150y'^  tons  pig-iron. 

754    knobs,  assorted. 
7, 996J  pounds  lead. 
6, 033    x>ounds  lead  pipe. 
1    set  lightning  rods. 
110    feet  lightning  rods. 
774    locks,  assorted. 
70, 706    pounds  nails. 
22, 212    saddle  nails. 
3, 845    pounds  nuts  and  washers 
150    pulleys. 
1    pump. 
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19, 781    feet  iron  pipe. 
3,  799    pipe  fittings. 
3, 591    pounds  rivets. 
2,877    feet  metallic  rope. 
874    pounds  weights  and  pulleys. 
199f  feet  shafting. 
2iV  pounds  silver. 
103    pounds  gennan  silver. 
50G^  pounds  solder. 
11    pounds  spelter. 
713, 941    pounds  steel. 
74    springs. 
336    staples. 

333    pounds  copper  tacks. 
4, 099, 000    tacks. 

29, 804    pounds  block  tin. 

66^  boxes  sheet  tin. 
1, 262    pounds  tinfoil. 
300f  pounds  tubing. 
23    feet  tubing. 
208    window  fixtures. 
25, 804    pounds  wire. 
3, 518^1  square  feet  wire  cloth. 

211^  square  feet  wire  netting. 
2, 174^  pounds  zinc. 
3, 090|  gross  screws. 
4, 542|  pounds  sheet  steel. 
207    feet  iron  railing. 
154    hangers  or  bearings. 
46    steel  plates. 

LEATHER. 

84, 423^  feet  collar  leather. 
2, 392|  feet  bellows  leather. 

57    feet  enameled  leather. 
50, 527A  pounds  harness  leather. 
184"  pounds  buff  leather. 
113g  pounds  lace  leather. 
476^  pounds  sole  leather. 
36    pounds  walrus  leather. 
560    sides  harness  leather. 
923    sides  collar  leather. 
1, 776    sides  bridle  leather. 
28    sides  lace  leather. 
187    sides  bellows  leather. 
20    sides  alum-tanned  leather. 
20    sides  osik-tanned  leather. 
13, 914    feet  belting  leather. 
1, 900    feet  belt  lacing. 
1583  pounds  belt  lacing. 
16    leather  belts. 
435^  feet  rubber  belting. 
15"  sheep  skins. 
2,498J  pounds  bristles. 


} 
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LUMBER. 


3, 472  feet  battens. 

158, 964  feet  boards. 

6,  .374  feet  joists. 

49, 658  laths. 

757, 579  feet  plank. 

115, 850  feet  scantling. 

118, 065  shingles. 

152, 762  feet  timber. 

28,358  feet  pine  strips. 

9,276  feet  moulding. 


BUILDING  MATERIAL. 

431:1  ponnds  asbestos. 
32    asbestos  rings. 
1,815,^30    bricks. 

3, 006}  barrels  cement. 
106    barrels  clay. 

46  doors,  wood. 
327J  feet  drain-pipe. 
643    ieet  drain-tiles. 
126J  cubic  yards  gravel. 

9,156  pounds  kaolin. 

2,851  barrels  lime. 

16  barrels  plaster  of  Paris. 

2, 829  cubic  yards  sand. 

427  pounds  hair. 
3,  ^l^^ff  cubic  yards  stone. 

6, 183  square  feet  stone. 

89  caps,  st^ps,  and  sills. 

1, 343 J  yards  terracotta  pipe. 

10, 225  feet  weather  strips. 

69  pairs  window  blinds. 

47  window  frames. 
187  window  sash. 

MATERIALS  FOR  HEATINa,  LIGHTINa,  ETC. 

12    bath  tubs. 
1, 230    brooms. 
337    brushes. 
211    x>ounds  candles. 
221f  square  feet  card  clothing. 
358    chamois  skins. 
8    chandeliers. 
7, 271    barrels  charcoal. 
2, 641i§j^  tons  anthracite  coal. 
3, 609|^i|  tons  bituminous  coal. 
177, 993    pounds  coke. 

351    pounds  corundum  flour. 
168    corundum  and  emery  wheels. 
10    carats  diamond  powder. 
62^  reams  crocus  and  emery  cloth. 
3, 249|  pounds  emery. 
24    grates. 
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5    lamps. 
300    lamp  fixtures. 

76    lanterns. 

80    lantern  fixtures. 

^^i  gross  matches. 

10    boxes  mineral  wool. 

13    pitchers,  jugs,  &c. 

12    tubs,  &c.,  for  laundry. 

12    registers. 

58    pounds  rosin. 
602J  pounds  rotten  stone. 

65f  reams  sand  paper. 
8, 1674  pounds  soap. 
636    gallons  soft  soap. 
313^  pounds  sponge. 

23    stoves,  heating,  &c. 
330    feet  steam-pipe  covering. 
378    papers  tripoli. 
6,706    fire-brick. 
621 J  cords  fire- wood. 
4    hot-air  furnaces. 


MATERIALS  FOR  OFFICE  USB. 

150    gross  rubber  bands. 
202^  pounds  sealing-wax. 
10, 000    seals. 

37    rubber  stamps. 

1    ofiice  table. 

If  gross  thumb-tacks. 
333    yards  tracing  cloth. 

6    clocks. 

3    water  coolers. 
250    sheets  bristol  boards. 

1  caligraph. 

288  pencil-point  protectors. 

1, 500  cards,  assorted. 

13  chairs. 

2  desks. 

9, 400  dials  for  watch  clock. 

45  drawing  instruments. 

1  box  drawing  instruments. 
72, 403  envelopes. 

2  hektographs. 
3,  723    lead  pencils. 

116^  gross  pens. 

47  drawing  pens. 

29  pounds  pins. 

150  pieces  india  rubber. 

293  bottles  ink. 

425  pounds  printer's  ink. 

3  letter  presses. 
50  bottles  mucilage. 

363}  reams  paper. 
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LABORATORY  STORES. 

2  hydrometers. 

145  insulators  and  brackets. 

118  jars. 

2  lenses. 

2  slate  and  marble  slabs. 
661  parts  of  electric  batteries. 

700    feet  of  material  for  electric  batteries. 

3  barometers  and  thermometers. 
33, 163^  pounds  acid,  various.     . 

750  gallons  alcohol. 

57  pounds  alum. 

100  pounds  ammoniated  copper. 

106^  pints  aqua  ammonia. 

149, 864  pounds  bone. 

241  pounds  borax. 

79  pounds  camphor. 

10  pounds  carbonate  of  iron. 

5  pounds  chloride  calcium. 

8  ounces  citrate  of  iron  and  ammonia. 

125  pounds  sulphate  of  copper. 

565  pounds  electropian  fluid. 

90  grains  chloride  of  gold. 

108  pounds  gum  arabic. 

10  pounds  gum  tragacanth. 

6,950  pounds  dynamite. 

1  galvanometer. 

3    electric  batteries. 
142^  gallons  isinglass. 
lo|  gallons  molasses. 
117|  reams  paper. 
30,356|  pounds  paper. 
20    pounds  pepper. 
5    barrels  pitch. 
79, 250    pounds  straw  boards. 
2, 497    pounds  tallow. 
1, 072    pounds  sulphur. 
105^  pounds  beeswax. 
150    pounds  chalk. 
3, 203|^  pounds  glue. 
225^  pounds  glycerine. 
244    cans  and  boxes  concentrated  lye. 
131^  pounds  mercury  and  its  salts. 
52    pounds  spirits  of  nitre. 
4, 619}  pounds  potash,  various. 

6l|  pounds  sal  ammoniac. 
U,  231    pounds  sal  soda. 
2, 938    pounds  silicate  of  soda. 

2  retorts. 

PAINTS,  OILS,  ETC. 

215^  gallons  benzine. 
1,  111    gallons  coal  tar. 

81^  gallons  drier. 
1,044    pounds  kalsomina 
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100^  gallons  lacker. 

337|  gallons  oil,  dressing. 
5,  474|  gallons  oil,  illuminating. 
4,  749|  gallons  oil,  lubricating. 
4,  500|  gallons  oil,  mixing  paint. 

8,  63l|  pounds  paint,  dry. 

9,  903|  pounds  paint,  in  oil. 
100    gallons  paint,  in  oil. 

3,  473    gallons  petroleum. 

220    pounds  lubricating  compound. 
339    pounds  putty. 
483  Impounds  shellac. 
2,  438|  gallons  turpentine. 
274|  gallons  varnish. 
632    pounds  zinc  paint. 
731i  pounds  lampblack. 
40, 599|  pounds  white  lead. 
110    pounds  litharge. 
1, 412    pounds  whiting. 
1, 005    pounds  axle  grease. 
4, 196J  gallons  gasoline. 
571    gallons  naphtha. 
23 5  gallons  castor  oil. 
49    gallons  paraffine. 
20    pounds  paraffine. 


MISCELLANEOUS. 

363 

bags. 

225 

barrels. 

12 

baskets. 

1 

boat. 

2,333 

boxes  packing 

121 

kegs. 

1,964 

tin  cans. 

1 

set  post  harness,  single. 

1 

set  post  harness,  double. 

7 

horses. 

2,676 

feet  hose. 

3, 166f  pounds  Japan  wax. 

25 

pairs  magazine  slippers. 

671f  pounds  packing,  various. 

2 

pairs  rubber  legging. 

3 

rubber  aprons. 

12 

rubber  coats. 

17 

pairs  rubber  boots. 

14 

pairs  rubber  gloves.  ' 

1, 209J  pounds  sheet  rubber. 

277 

feet  rubber  tubing. 

4 

fonts  rubber  type. 

1 

set  rubber  type. 

1 

sleigh. 

2 

wagons. 

289 

parts  of  wagons. 

2 

engineer's  transit. 

2 

water  tanks. 
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452 

powder  canisters,  2-pound. 

252 

powder  canisters,  5-pound. 

2 

wagon  robes. 

1 

watchman's  time  detector. 

27 

buckets. 

300 

tin  boxes. 

3,370 

pounds  phosphate. 

1 

truck. 

1 

sprinkling  cart. 

MACHINES. 

5 

platform  and  hay  scales. 

1 

sheostat. 

1 

pipe-cutting  and  threading  machine. 

4 

screw-cutting  machines. 

21 

drilling  machines. 

2 

wood  planing  machines. 

1 

metal  planing  machine. 

1 

vertical  boring  machine. 

2 

magneto  machines. 

1 

electro-plating  machine. 

19 

milling  machines. 

1 

cutting-off  machine. 

1 

patent  band  re-sawing  machine. 

1 

slotting  machine. 

1 

mowing  machine. 

2 

morticing  machines. 

3 

drill-grinding  machines. 

3 

profiling  machines. 

1 

lead-lapping  machine. 

1 

foot  lathe. 

1 

hand  lathe. 

1 

steam  engine,  Corliss,  for  Benicia  Arsenal. 

2 

steam  indicators. 

1 

"Detroit^  lubricator. 

1 

steam  hammer  and  anvil,  complete,  1,200  pounds. 

1 

galvanometer. 

2 

elevators. 

1 

blower. 

3 

lawn  sprinklers. 

1 

plant  for  manufacture  of  gas  at  national  armory. 

1 

gas  generator. 

6 

lawn  mowers. 

1 

40ton  railroad  truck  scale. 

2 

force  pumps. 

4 

engine  lathes. 

2 

steam  pumps. 

4 

steel  boilers. 

414 

pounds  brass  tubes  for  steam  fire-engine. 

TOOLS,  ETC. 


1, 322    brushes  and  sash  tools. 
2,560    files. 
59, 502    pounds  grindstones. 
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1,444 

tool  handles,  varions. 

100 

ladles,  7-iDch. 

100 

ladles,  2^-mch. 

49 

figures  and  letters. 

165 

oil  caps  and  oilers. 

385 

saws. 

25 

saw  blades. 

40 

scythes. 

14 

scythe  snaths. 

91 

scythe  stones. 

251 

shovels. 

6 

trucks. 

6 

vises. 

68 

wheelbarrows. 

139 

wrenches. 

40 

picks. 

1 

com  sheller. 

Appendix  3. 


Statement  ofwrdnancey  ordnance  stores j  £e,y  issued  to  the  military  estab- 

lishmentj  exclusive  of  the  militia^  during  the  fiscal  year  ended  June  30. 
1884. 

Glass  I. 

6  Gatling  gnns,  lO-barrels,  long,  caliber  .45. 

2  Hotcbkiss  revolving  gans,  caliber  1.5. 

5  Hotchkiss  mountain  gans,  caliber  1.65. 
22  3-iDcb  rifled  guns. 

6  3.2-inch  breech-loading,  chambered,  rifled  guns. 
8  light  12-ponnder  bronze  gans. 

8  30-poander  Parrott  guns, 

1  10-inch  Eodman  gun. 

1  15-inch  Eodman  gun. 

2  10-inch  siege  mortars. 

Glass  II. 

5  Gatling  gun  carriages  and  limbers. 

2  1.5-inch  Hotchkiss  revolving  gun  carriages  and  limbers. 

4  1.65-inch  Hotchkiss  mountain  gun  carriages. 

30  3inch  gun  carriages  and  limbers. 

2  3.2-inch  gun  metal  carriages  and  limbers. 

3  3.2-inch  gun  metal  carriages  without  limbers. 
15  12-pounder  gun  carriages  and  limbers. 

8  30-ponnder  gun  carriages  and  limbers. 

9  3-inch  gun  caissons  and  limbers. 
2  Gatling  gun  limbers. 

8  Laidley  cavalry  forges. 

4  ammunition  wagons  for  Hotchkiss  gun. 

1  tripod  for  Gatling  gun. 

2  24-pounder  mortar  beds. 
2  10-inch  mortar  beds. 

1  mortar  wagon. 

Glass  III. 

72  harness  bags. 

1  carrying  bar. 

2  elevating  bars. 

6  baskets  for  mortar  implements. 
2  buckets  for  Hotchkiss  gun. 

39  iron  sponge  buckets. 

5  wooden  sponge  buckets. 
26  iron  tar  buckets. 

76  gutta-percha  water  buckets. 

11  papier-mach6  water  backets. 
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2 

drag  ropes. 

4 

fuse  blocks. 

28 

fuse  cutters. 

4 

fuse  gimlets. 

1 

fuse  gouge. 

15 

fiise  mallet*s. 

26 

fuse  plug  wreuches. 

10 

fuse  saws. 

2 

fuse  setters^  brass. 

43 

guuners'  gimlets. 

72 

gunners'  haversacks. 

9 

gunners'  levels. 

29 

gunners'  pincers. 

8 

gunners'  quadrants. 

45 

pairs  gunners'  sleeves. 

auN  siaHTS. 

3 

breech  sights,  3-inch  gun. 

8 

breech  sights,  30-pounder  gun. 

5 

breech  sights,  mountain  howitzer. 

7 

breech  sights,  15inch  gun. 

7 

muzzle  sights,  3-inch  gun. 

2 

muzzle  sights,  4.5-inch  gun. 

8 

trunnion  sights,  30-pounder  gun. 

6 

handspikes,  Gatling  gun. 

69 

handspikes,  maneuvering. 

12 

handspikes,  shod. 

80 

handspikes,  trail. 

2 

handspikes,  wood. 

36 

sets  harness,  2-Iead  horses. 

53 

sets  harness,  2-wheel  horses. 

2 

sets  harness,  1-horse,  Hotchkiss  mountain 

gun 

7 

sets  harness,  Laidley  cavalry  forge. 

2 

sets  men's  harness. 

1 

ladle  and  staff. 

5 

common  lanterns. 

21 

globe  lanterns. 

6 

magazine  lanterns. 

113 

lanyards. 

2 

mauls. 

10 

paulins,  5  by  5  feet. 

2 

paulins,  6  by  10  feet. 

5 

paulins,  8  by  10  feet. 

109 

paulins,  12  by  15  feet. 

26 

pendulum  hausses,  3-inch  gun. 

24 

pendulum  hausse  pouches. 

6 

pendulum  hausse  seats. 

12 

plummet*s. 

3 

powder-funnels. 

11 

powder-measures. 

79 

priming-wires,  field. 

25 

priming-wires,  siege. 

31 

prolonges. 

20 

rammers  and  staves. 

13 

gun  scrapers. 
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3  mortar  scrapers. 
50  securiog-stakes. 

15  shell-hooks. 

16  shot-carriers. 

4  spatulas. 

168  sponge  covers. 

196  spouges  and  rammers. 

42  sponges  and  staves. 

1  sponge,  wire-rope. 

113  ttiumbstalls. 

133  tompions. 

21  tow  hooks. 

65  tube  pouches. 

63  vent  covers,  field  gun. 

-  32  vent  covers,  siege  gun. 

23  vent  pieces. 

21  vent  punches. 

1  water  tub  for  15-inch  gun. 

26  wipers,  mortar. 

27  worms  and  staves,  field  gun. 

1  worm  and  staff,  siege  gun. 

IMPLEMENTS  FOE  GATLING  GUJN. 

3  covers  for  gun,  caliber  1-inch. 

9  covers  for  gun,  caliber  .45. 

6  clamps  for  worm  gear. 

6  drifts. 

152  feed  cases.  \ 

7  headless  shell  extractors. 
3  oscillators. 

6  lock  screw-drivers. 

6  small  screw-drivers. 

6  T  screw-drivers. 

6  shell  drivers. 

6  wiping  rods. 

9  adjusting  screw-wrenches. 

6  pin  wrenches. 

6  rear-guide  nut  wrenches. 

2  sets  accessories  Hotchkiss  revolving  gun. 

7  covers  Hotchkiss  revolving  gun. 

3  covers  Hotchkiss  mountain  gun. 

Glasses  IV  and  V. 

80  3-inch  shot. 

350  30-pounder  shot. 

200  8-inch  shot. 

60  15-inch  shot. 

10,000  1.5-inch  dummy  projectiles  for  blank  cartridges* 

3,550  1.5- inch  shell  and  cartridge  case. 

2, 350  1.65-inch  shell  and  cartridge  case. 

1, 248  3-inch  shell. 

48  4.5-inch  shell. 

81  12pounder  shell. 


/ 
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154  24-poaDder  mortar  shell. 

130  30poaDder  shell. 

180  100-poander  shell. 

100  8-iDch  shell. 

450  10  inch  shell. 

450  13-iDch  shell. 

391  3-inch  case-shot. 

20  12-poander  case-shot. 

50  30-poaDder  case-shot. 

294  3-iiich  canister. 

31  12-poander  canister. 

Class  VI. 

3, 453  Springfield  carbines. 

4, 775  Springfield  rifles. 

40  Springfield  cadet  rifles. 

30  Springfield  long-range  rifles. 

17  Springfield  shotguns. 

705  Colts'  revolvers. 

24  Schofield's  Smith  and  Wesson  revolvers. 

3  artillery  sabers. 

833  cavalry  sabers. 

30  musicians'  swords. 

44  non-commissioned  officers'  swords. 

450  hunting  knives. 

81  riflemen's  knives. 

Class  VII. 

ARTILLERY  ACCOUTERMENTS. 

40  knapsacks. 

7  saber  belts. 

7  saber-belt  plates. 

CAVALRY  ACCOUTERMENTS. 

520  canteens  and  straps. 

1, 600  canteen  straps. 

65  carbine  cartridge  pouches. 

2, 164  carbine  slings. 

945  carbine  sling-swivels. 

578  pistol  cartridge  pouches. 

2, 663  pistol  holsters. 

1, 805  saber  belts. 

1, 674  saber-belt  plates. 

519  saber-belt  attachments. 

100  saber-belt  attachment  slings. 

1, 865  saber  knots. 

INFANTRY   ACCOUTERMENTS. 

1,  685  bayonet  scabbards. 

3,  682  blanket  bags. 

5, 731  blanket-bag  shoulder-straps. 
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>  blankets  and  coat  straps. 

0  canteens  and  straps. 
d  canteens. 

d  canteen  straps. 

)  canteen  covers. 

)  canteen  corks  and  chains. 

3  carrying  braces^  pattern  1874. 

3  cartridge  belts. 

i  cartridge-belt  plates. 

%  cartridge  boxes. 

}  clothing  bags. 

)  clothing  bag  straps. 

3  gnn  slings. 

d  haversacks. 

1  haversacks  and  straps. 
6  haversack  straps. 

5  hunting-knife  scabbards. 

9  knives. 

8  forks. 

d  spoons. 

0  meat  cans. 

5  revolver  belts. 

5  sliding  frogs. 

1  tin  cnps. 

8  valise  straps. 
L  waist  belts. 

3  waist-belt  plates. 

L  waist  belts  and  plates,  non-commissioned  officers'  and  musi- 
cians'. 

APPENDAaES. 

5  brushes  and  thongs. 

5  headless  shell  extractors. 

3  field  cases  for  shotgun  supplies. 

i  powder  chargers. 

6  shotgun  outfits. 
I  rifle  cleaner. 

9  screw  drivers. 

1  clamp-screw  driver,  rear  sight. 

7  screw  drivers,  shotgun. 
3  screw-drivers,  revolver. 

6  spring  vises.  ^ 

8  tumbler  punches. 

8  wipers,  rod  bayonet 

8  wiping  rods,  sectional  shotgun. 

7  wiping  rods,  wood. 

HORSE  EQUIPMENTS. 

6  cavalry  curb  bridles. 

S  watering  bridles. 

D  bridle  ornaments. 

2  carbine-sockets. 

5  carbine-sockets  and  straps. 

2  cluchas  or  hair  girths. 

91  OBD 4 


\ 
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260  cincha  straps. 

Ij  326  coat  straps. 

52  cruppers. 

386  curb  bits. 

50  curb  chains. 

74  curb  straps. 

3, 298  curry  combs. 

38  forage-sacks. 

12  girths. 

2j  419  halters  and  straps. 

128  halter  chains. 

1, 246  halter  headstalls. 

3, 349  halter  straps. 

5y  066  horse  brushes. 

ly  193  horse  covers. 

2, 017  lariats. 

956  double  spring  hooks. 

923  links. 

2y  990  nose  bags. 

2, 309  picket  pins. 

1, 077  saddles. 

78  saddle  bags,  canvas. 

19  saddle  bags,  leather,  Oal.  pattern. 

527  saddle  bags,  leather. 

50  saddle  blankets,  blue. 

4, 160  saddle  blankets,  gray. 

42  saddle  blankets,  red. 

35  saddle  cloths,  felt. 

80  saddle  cloths,  hair. 

903  side  lines. 

84  side-line  fasteners. 

42  spurs  and  straps,  Mills'. 

2, 837  spurs. 

4, 054  spurstrd>ps. 

741  stirrups. 

18  stirrups  with  guidon  sockets. 

798  stirrup  straps. 

1, 847  surcingles. 

12  sweat  leathers. 

Class  VIII. 

SMALL-ABM  AMMUNITION. 

974, 000  carbine  ball  cartridges. 

406, 826  revolver  ball  cartridges. 

173, 400  revolver  blank  cartridges. 

3, 718, 750  rifle  ball  cartridges. 

407, 000  rifle  blank  cartriclges.  . 

1, 911, 050  round  balls. 

728, 000  carbine  bullets. 

107, 000  revolver  bullets. 

4, 604, 450  rifle  bullets. 

500  percussion  caps. 

6, 833, 000  cartridge  primers. 

4, 010  lifle  cartridge  shells. 
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1.5, 145  shotgun  cartridge  shells. 

15|  300  x>OQn<l8  ^o.  8  shot. 

2,  419, 500  carbine  cartridge  wads. 

613, 150  shotgun  cartridge  wads. 

AMMUNITION  FOE  CANNON. 

c 

5, 089  blank  cartridges,  ^-pound  charge. 

1,230  blank  cartridges,  1 -pound  charge. 

4, 998  blank  cartridges,  6-pounder  gun. 

20, 942  blank  cartridges,  3.inch  gun. 

23, 567  blank  cartridges,  light  12-pounder  gun. 

500  blank  cartridges,  heavy  12-pounder  gun. 

3, 100  blank  cartridges,  mountain  howitzer. 

598  assorted  paper  fases. 

Ill  assorted  wood  fuses. 

30, 000  pounds  cannon  powder. 

12, 500  pounds  hexagonal  powder. 

210  pounds  meal  powder. 

15, 400  pounds  mortar  powder. 

52, 627  pounds  rifle  powder. 

10,000  Hotchkiss' cartridge-case  primers. 

4,000  electric  primers. 

127,592  friction  primers. 

10,000  Hotchkiss'  cartridge-case  wads. 

360  brass  fuse-plugs. 

Glass  IX. 

2  aiming  stands. 
4  aiming  sights. 

200  portable  arm  racks. 

41  assorted  blocks. 

8,261  marksman's  buttons. 

1  capstan. 

10  capstan  bars. 

4  capstan  hand  ropes. 

1  sling  cart. 

3  sling  chains. 
126  assorted  chocks. 

14  disks. 

231  signal  flags.  • 

188  streamers. 

2  gin-blocks. 

1  garrison  gin. 

99  halyards  with  screw  eyes. 

1  Cushing's  portable  harness-rack. 

4  hydraulic  jacks. 

1  intrenching  tool. 

2  plane-tables. 

7  gun  platforms. 

6  mortar  platforms. 

2  differential  pulleys. 

21  assorted  rollers. 

7  shifting-planks. 
126  shot  marks. 

6  skids. 
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1 

cannon  slings. 

1 

brass  stadia. 

1 

stadia  bag. 

3 

Laidley  target-axes. 

3 

Brinton  targets. 

17 

Gushing  targets. 

208 

Laidlej's  revolving  targets. 

33, 641 

paper  targets. 

7,944 

target  centers. 

6 

Laidley's  target-clamps. 

310 

Laidley's  target  cross-pieces. 

123 

Laidley's  target  frames. 

1,251 

target  frames. 

20 

target  handles. 

10,145,000 

target  pasters. 

100 

target  plates. 

6 

target  tracks. 

10 

Gashing's  target  truck  £rames. 

311 

target  uprights. 

9 

trace  ropes. 

1 

sling  cart  wheels. 

16 

truck  wheels. 

BELOADINa  TOOLS,  ETC. 

79 

set*8  reloading  tools. 

147 

combination  anvils. 

61 

ball  molds  (4  balls). 

101 

brush  wipers. 

26 

brush  wipers  for  shotgun  cartridges. 

12 

powder  canisters. 

48 

crimping-die  caps. 

10 

bench  charges,  reloading  tool. 

9 

adjustable  powder  chargers. 

110 

adjustable  powder  and  shot  chargers 

6 

crimping  dies. 

150 

crimping  and  reloading  dies. 

6 

reloading  dies. 

167 

resizing  dies. 

170 

drifts. 

26 

drifts  for  shotgun  shells. 

17 

primer  extractors. 

647 

extractor  pins. 

2 

extractor  screws. 

67 

funnels. 

6 

funnels,  If o.  20. 

1 

key  and  washer  for  powder  charger. 

52 

melting  ladles. 

53 

pouring  ladles. 

149 

mallets. 

06 

oil  cups. 

8 

priming  tools,  Bridgeport. 

71 

priming  tools,  Prankford. 

205 

priming-tool  pins. 

11 

priming-tool  spindles. 

1 

1 

primer  punch. 
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172  reloading  punches* 

106  resizing  punches. 

1  resizing-die  socket. 

9  safety  sockets. 
71  shell  scrapers. 

I  primer  setter. 

22  strainers. 
IM  washers. 

45  wiping  rods. 

Glass  X. 

PARTS  OF  CLASS  I. 

6  Gkitling-gnn  firing  pins. 

702  gas  checks. 

PARTS  OF  CLASS  H. 

4  ammnnition  chests. 

1  axle  body. 

1  bolster. 

36  bolts  and  nats. 

10  key  bolts. 

6  rear  hnrter  bolts,  chassis. 

8  elevating  screws. 

8  carrying  hooks,  chassis. 

32  keys  and  chains. 

6  stay-pin  keys. 
12  linchpins. 

32  stay  pins. 

2  handspike  pawls. 

7  iron  sponge  and  rammer  props. 
42  poles. 

2  pole-yokes. 

1  rail. 

3  cavalry  forge  shafts. 

10  Hotchkiss  moantain  gan  shafts. 

4  single-trees. 

2  splinter  bars.  \ 
6  caisson  stocks. 

36  wheels. 

1  wheel,  Archibald  pattern. 

1  wheel  for  Oatling  gan,  Colt's  pattern. 

23  wheels  for  field  and  siege  carriages. 
10  wheel  shoes. 

PARTS  OF  CLASS  in. 

II  artillery  cnrb-bits. 

2  breast-collars. 
2  breechings. 

2  breech  straps. 

26  artillery  bridles. 

740  brass-plated  buckles. 

Ij  568  iron  roller  hnokles. 
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14  collars. 

30  curb  chains. 

12  cruppers. 

60  artillery  halters  and  straps. 

40  brass  loops. 

14  nose  bags. 

26  pole  pads. 
36  pole  straps. 
54  rammer  heads. 

107  rosettes  for  artillery  bridles. 

2  pack  saddles.  < 

12  seats  for  drivers'  saddles. 

2  brush  sponges. 

461  woolen  sponges. 

42  pieces  woolen  sponges. 

27  sponge  heads. 

4  artillery  stirmps. 

4  lead  traces. 

16  patent  splinter-bar  traces. 

2  wheel  traces. 

40  valise  straps. 

94  whips. 

PABTS  OF  CLASS  IV. 

236  copper  bands  for  shell. 

726  sabots. 

75  sabot-coppers. 

250  sabot-leadiers. 

100  tin  straps. 

PABTS  OF  CLASS  YI.— PABTS  OF  SPBINaPIELD  CABBINB. 

6  barrels. 

64  bands. 

42  butt-plates. 

34  butt-plate  screws. 
215  front-sights. 

95  front-sight  covers. 
25  front-sight  pins. 

2y  738  jointed  ramrods. 

260  rear  sights. 

27  rear-sight  bases. 

35  rear-sight  leaves. 
660  stocks,  wood  part. 

6  swivel  bar  rings. 

PABTS  OF  SPBINaPIELD  BIFLE. 

2  lower  bands. 

2  upper  bands. 
69  band  springs. 

3  barrels. 
403  bayonets. 

62  bayonet  clasps. 

140  bayonet-clasp  screws. 
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10  breech  1»locks. 

187  breech-block  caps. 

758  breech-block  cap  screws. 

30  breech  screws. 

621  bridles. 

708  bridle  screws. 

62  butt  plates. 

222  butt-plate  screws. 

143  cam  latches. 

1, 047  cam-latch  springs. 

2, 226  ejector  springs. 

2y  309  ejector-spring  spindles. 

145  ejector  stnds. 

2, 240  extractors. 

3, 650  firing  pins. 

801  firing-pin  screws. 

349  front  sights. 

424  front-sight  pins. 

60  guard  bows. 

219  guard-bow  nuts. 

25  guard-bow  swivels. 

172  guard  bow  swivel  screws. 

1  guard  plate. 

625  guard  screws. 

56  hammers. 

140  hinge  pins. 

45  hinge-pin  studs. 

125  locks. 

45  lock  plates. 

433  main  springs. 

69  main-spring  springs. 

45  main-spring  swivel  rivets. 

823  pistol  gripSy  metal. 

315  pistol  grips^  wood. 

42  pistol-grip  screws. 

113  ramrods. 

103  ramrod  stops. 

532  rear  sights. 

154  rear-sight  base  screws. 

36  rear-sight  base  springs. 

307  rear-sight  leaves. 

3, 694  rear-sight  plates,  buckhom. 

36  rear-sight  joint  pins. 

281  rear-sight  slide  blocks. 

502  rear-sight  slide  gibs. 

254  rear-sight  slide  plates. 

6, 510  rear-sight  slide  screws. 

65  rear-sight  slide  springs. 

35  rod-bayonet  spring. 

767  sears. 

1, 121  sear  screws. 

629  sear  springs. 

853  sear-spring  screws. 

706  side  screws. 

82  side-screw  washers. 

1  stock,  complete. 
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429  stocks,  wood  part. 

334  tang  screws. 

37  thumb  pieces. 

2  stock  tips. 

14  tip  screws. 

1, 300  triggers. 

72  trigger  screws. 

966  tumblers. 

183  tnmblers,  swivelled. 

935  tumbler  screws. 

PARTS  OF   HOTCHKISS  RIFLE. 


25 
6 
5 

10 
2 

20 
4 

barrels,  navy, 
butt  plates, 
cartridge  followers, 
cartridge  stops, 
cartridge-stop  pins, 
cocking  pieces, 
cut-ofiis. 

4 

cut-off  escutcheons. 

12 

cut-off  escutcheon  screws. 

50 

extractors. 

PARTS  OF  HOTOHKISS  CARBINE. 

100  stocks,  wood  part. 

PARTS  OP  COLT'S  REVOLVER. 

125  back  straps. 

293  back-strap  screws. 

33  bolts. 

86  bolt  screws. 
238  center  pins. 

103  center-pin  bushings. 

68  center-pin  catch  screws. 

246  center-pin  screws. 

5  cylinders. 

158  ejector  heads. 

80  ejector  rods. 

233  ejector  springs. 

24  ejector  tubes. 

101  ejector-tube  screws. 
74  firing  pins. 

74  firing-pin  rivets. 

10  front  sights. 

5  gates. 

26  gate  catches. 

87  gate-catch  screws. 
175  gate  sprinirs. 

119  guard  screws,  long. 

88  guard  screws,  short 
123  hammers. 

55  hammer  cams. 

100  hammer  rolls. 
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66  hammer-roll  rivets. 

92  hammer  screws. 

134  hands. 

226  hand  springs. 

97  mainsprings. 

110  main-spring  screws. 

107  sear  springs. 

45  sear-spring  screws. 

18  sear  and  stop-bolt  screws. 

206  sear  and  strop-bolt  springs. 

76  sear  and  stop-bolt  spring  screws. 

143  triggers. 

87  trigger  screws. 

PIBTS  OF  SGOFIBLD'S  SMITH  AND  WESSON  BETOLYBB. 

3  base  pins. 
13  extractors. 

10  extractor  springs. 

10  extractor  stems. 

10  guard  screws. 

10  hammers. 

4  bands. 

2  hand  pins. 

6  hand  springs. 

4  joint  pivots. 

3  joint-pivot  screws. 

2  lifters. 

13  main  springs. 

3  main-spring  swivels. 

4  pawls. 

6  pawl  pins. 

10  pawl  springs. 

3  stops. 

3  stop-pins. 

3  stop  springs. 

12  strain  screws. 

6  triggers. 

6  trigger  pins. 

10  trigger  springs. 

PABTS  OF  BBEEOH-LOADINa  SHOTGUN. 

64  extractors. 

60  stocks,  wood  part. 

PABTS  OF  SWOBDS. 

1  musician's  steel  scabbard. 

7  officers'  nickel-plated  scabbards. 

PABTS  OF  OLASS  Vn. 

6, 602  brass-bar  buckles. 

2, 992  brass- wire  buckles. 

li  340  iron-bar  bnckJes. 
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ly  943  iron  roller  backles. 

144  gross  brass  escutcheon-pins. 

204  halter  bolts. 

900  halter  rings. ' 

45  halter  rings,  swivelled. 

904  halter  squares. 

6  hook  straps. 

40  leather  lacing-thongs. 

1,040  ovals. 

2, 444  brass  rings.  ' 

444  iron  D  rings. 

1, 464  iron  rings. 

96  saber  belt  studs. 

36  saddle-bag  studs. 

24  shields. 

704  brass  snap-hooks. 

24  link  snaps. 

202  side-Hue  snaps. 

30  carbine  sling  swivel  springs. 

2 J  098  brass  foot  staples. 

4, 252  brass  staples  for  rings. 

74  yards  webbing,  3.5-inches  wide. 

560  yards  linen  webbing,  4  inches  wide. 

84  yards  webbing,  4.5  inches  wide. 

48  yards  webbing,  7.5  inches  wide. 

PARTS  OF  CLASS  Yin. 

r 

7, 300  cartridge  bags,  ^pound  charge. 

500  cartridge  bags,  1-pound  charge. 

3, 000  cartridge  bags,  2-pound  charge. 

3, 800  cartridge  bags,  6-pounder  gun. 

6, 000  cartridge  bags,-  12-pounder  gun. 

4, 000  cartridge  bags,  mountain  howitzer. 

600  cartridge  bags,  SO-pounder  gun. 

9, 700  cartridge  bags,  3-inch  gun. 

1, 150  cartridge  bags,  4^  inch  gun. 

2, 025  cartridge  bags,  8-inch  columbiad  gun. 

1, 700  cartridge  bags,  8-inch  rifled  gun. 

1, 500  cartridge  bags,  10-inch  gun. 

500  cartridge  bags,  15-inch  gun. 

PART  SECOND :    CLOTH,  ROPE,  THREAD,  ETC. 

201  yards  burlaps. 

120  yards  canvas. 

2  yards  carpeting. 
10, 508X  yards  cotton  cloth. 

15|  yards  lanyard  cord. 

28  pounds  rocket  cord. 

9  pieces  sash  cord. 

163Jr  pounds  sash  cord. 

195  pounds  waste  cotton. 

12  yards  flannel. 

40  pounds  curled  hair. 

136f  pounds  marline. 
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2y  444    poands  rope,  hemp  and  manila. 

10    fathoms  bolt  rope. 

20    fftthoms  ratling  sizing. 

10    fathoms  ratling  8ta£f. 
200}  poands  linen  thread. 

12    spools  linen  thread. 

10^  ponnds  saddlers'  thread. 
784    ponnds  shoe  thread. 

40    ponnds  tow. 
244}  ponnds  twine. 

52    poands  yacn- 

mONMONaEBY. 

6  ponnds  sheet  brass. 

20  pairs  iron  bntt  hinges. 

13,838  horseshoes. 

1, 369  ponnds  horse-shoe  nails. 

1,746  poands  bar  iron. 

1,039$  ponnds  hoop  iron. 

159  ponnds  sheet  iron. 

2  pieces  }-inch  plate  iron. 

50  keys. 

2  iron  ladles. 

65  lead  slabs,  target. 

45  poands  copper  nails. 

4,675  poands  iron  nails. 

240  Japanned  nails. 

240  saddle  nails. 

336  padlocks. 

8  cast-iron  posts. 

289}  ponnds  brass  rivets  and  bnrrs. 

826  ponnds  copper  rivets  and  bnrrs. 

102}  ponnds  iron  rivets  and  bnrrs. 

1  gross  screw-eyes. 

180}  gross  brass  screws. 

232  gross  iron  screws. 

1  gross  shields. 

145  iH>ands  solder. 

400  iH>ands  spikes. 

947  iH>nnds  bar  steel. 

6,  OOO  copper  tacks. 

30  papers  copper  tacks. 

207}  poands  copper  tacks. 

<M>7,600  iron  tacks. 

987  papers  iron  tacks. 

200  sheets  tin. 

600  feet  wire  ganze. 

600  feet  kerite  wire. 

50  ponnds  iron  wire. 

253  poands  sheet  zinc. 

LBATHEB,  ETC. 

1,165    sides  bridle  leather. 
10    sides  collar  leather. 
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4  sides  enamelled  leather. 
26, 240    poands  harness  leather. 

3    sides  lacing  leather. 
2^  I>ounds  ca^skin. 
25    sheep-skins. 
267    qnarts  leather  blacking 

5  poands  ingredients  leather  blacking. 
344^  poands  black  wax. 

13    oances  bristles. 


LUMBBB. 


7y869  feet  boards. 

200  feet  plank. 

2j  920  feet  scantling. 

833  feet  timber. 

12  pieces  timber. 


OLEANXNa,  HBATINay  ETC. 

38  bath  bricks. 

346  com  brooms. 

i  pint  browning  mixtare. 

16  coanter  dasting-broshes. 

5  feather  dasting-broshes. 

5  wire-scratch  brashes. 
7  batton  brashes. 

6  batton  sticks. 
74    poands  candles. 
50    chamois  skins. 

42    boxes  cleaning  material. 
1    cleaning  plate. 
9, 140    poands  coal. 

57f  qaires  crocas  dotii. 
11    pieces  emery  cloth. 
932    qaires  emery  doth. 
233}  qaires  emery  paper. 
10    poands  emery. 
10    poands  lampwicking. 

1  gross  matches. 

38  poands  polishing  materials. 

56  poands  scoaring  materials. 

522  poands  rottenstone. 

176  qaires  sandpaper. 

175  poands  bar  soap. 

3, 344}  poands  castile  soap. 

155  poands  sponge. 

871  papers  tripoli. 

5  browning  wheels. 

18  baffing  wheels. 

MATEBIALS  FOB  OFFICE  USE. 

2  cans  blacking,  stencil  oatflt. 

1    can  with  lamp  and  cap  for  sealing-wax. 
190    instraction  books. 

3  camelshair  brashes. 
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22    fitch  brashes. 
50    steDcil  brashes. 

3  bottles  hektograph  ink. 
4}  poands  drawing  paper. 

20  poands  log  paper. 

d8  poands  petrolenm  paper. 

L^  750  poands  wrapping  paper. 

8  seal  stamps. 

85  poands  sealing-wax. 

1  stencil  plate,  company. 

7  stencil  plates,  letters  and  figures. 

10  sets  stencil  ontfits. 

11  tape-lines  or  measures. 

LABOBATOBY  STOBES. 

4  pints  muriatic  acid. 
136    pounds  sulphuric  acid. 
109    gallons  alcohol. 

lOO    pounds  gumarabic. 
145^  pounds  beeswax. 

5  pounds  borax. 

1  camera-obscura  head. 

42  pounds  camphor. 

90  x)ounds  ammoniated  copper. 

1  barrel  of  flour. 

115  pounds  glue. 

20  pounds  lard. 

15  boxes  concentrated  lye. 

76^  pounds  mercury. 

ly  OOO  pounds  niter. 

960  pounds  laboratory  pai>er 

20  pounds  black  pepper. 

i  barrel  plaster  paris. 

250  pounds  potash. 

30  pounds  rosin. 

5  pounds  sal-ammoniac. 

6  hair  sieves. 

35    x>ounds  nitrate  of  strontia. 
367    pounds  sulphur. 
200    pounds  tallow. 

30    pounds  tobacco. 
368^  pounds  Japan  wax. 

24    gallons  whisky. 

OILS,  PAINTS   ETC. 

58  x)ounds  asphaltum. 

353  gallons  coal  tar. 

36|  gallons  Japan  drier. 

10  pounds  patent  drier. 

5  pounds  walnut  graining. 

156  gallons  lacker. 

22  pounds  lampblack. 

50  pounds  red  lead. 
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3, 245    poands  white  lead. 

9    poands  extract  logwood. 
99^  qaarts  cosmoline  oil. 
7y  126    poands  harness  oil. 
325^  gallons  kerosene  oil. 
15    gallons  lard  oil. 
861^^  gallons  linseed  oil. 
1^  gallons  lubricating  oil. 
220|  gallons  neatsfoot  oil. 
62    gallons  nentral  oil. 
5    gallons  olive  oil. 
834f  gallons  sperm  oil. 
1, 886|  poands  black  paint. 
31    pounds  ivory- black  paint. 
40    pounds  brown  paint. 
li  075    pounds  green  paint. 

855    pounds  lead-color  paint. 
4, 252    pounds  metallic  paint. 
3, 977    pounds  olive  paint. 
151^  pounds  red  paint. 
1215    pounds  oriental  red. 
10    pounds  Venetian  red. 
10    pounds  Vermillion. 

1  gallon  chrome  yellow. 
10    boxes  stencil  paste. 
90    i>ounds  putty. 

20  pounds  shellac. 

28  pounds  sienna.  • 

10  pounds  soda. 

2  gallons  tar. 

809  gallons  turpentine. 

40  pounds  umber. 

5  gallons  asphalt- varnish. 

3  gallons  coach  varnish. 

20  gallons  copal  varnish. 

21  gallons  Japan  varnish. 
202^  pounds  whiting. 

MISOELLANBOTJS. 

456  arm  chests. 

1,  383  wooden  powder  barrels. 

2  waste-paper  baskets. 

1  boat. 

94  bottoms  for  reloading  tool  boxes. 

55  reloading  tool  boxes. 

2  sponge  boxes. 
213  tin  cans. 

2, 372    powder  canisters. 

1  specimen  case. 

26  chamois-skin  saber  cases. 

12  chamois-skin  sword  cases. 

510  pounds  wheel  grease. 

72  powder  kegs. 

2  washing  troughs. 
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MACHINES,    ETC. 

2 

arbors. 

2 

diameter  calipers. 

1 

diameter  gauge. 

6 

crasher  gaages. 

4 

pressure  gauges. 

10 

assorted  ring  gauges. 

1 

star  gauge. 

1 

rifle  guide  for  star  gauge  points. 

1 

engine  lathe. 

1 

hand  lathe. 

6 

plugs  for  ci'usher-gauge  housings. 

1 

set  star-gauge  points. 

TOOLS. 

1 

adze. 

1 

anvil. 

20 

aprons^ 

1 

auger. 

6 

brjui  awls. 

12 

peg  awls. 

712 

saddlers'  awls. 

15 

seat  awls. 

12 

stub  awls. 

291 

awl-handles. 

77 

awl-handles,  patent. 

10 

felling-axes. 

3 

hand-axes.                                * 

5 

axe-handles. 

1 

bellows,  smiths'. 

1 

extension  bit. 

23 

bits  for  brace. 

2 

dredging  boxes. 

7 

braces. 

3 

brushes  for  oiling  leather. 

361 

paint  brushes. 

30 

paste  brushes. 

131 

sash  brushes. 

1 

varnish  brush. 

9 

iron  buckets. 

22 

wooden  buckets. 

3 

calipers,  smiths'. 

4 

hand  carts. 

23 

chalk  lines. 

6 

chalk-line  reels. 

1 

channeller. 

5 

chains,  surveyors'. 

11 

chisels. 

4 

chisel  handles. 

29 

clamps,  saddleiB'. 

31 

claw  tools. 

33 

compases. 

6 

counter  sinks. 

1 

iron  creaser. 

43 

wooden  creasers. 
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1  diamond^  glaziers'. 

2  dippers. 

5  taming  dogs. 

1  drill  stock. 

56  edge  tools. 

12  fids. 

720  files. 

20  file  handles. 

1  straining  fork. 

12  rocket  formers. 

4  copper  funnels. 

1  furnace,  tinners'. 

5  gauges. 
10  gimlets. 

4  grindstones. 

1  grindstone  arbor  and  crank. 
^     78  assorted  hammers. 

2  sledge  hammers. 
14  hammer  handles. 
30  hatchets. 

19  horses,  saddlers'. 

7  jackscrews. 

153  assorted  knives. 

1  drawing  knife. 

24  gauge  knives. 

23  splitting  knives. 

3  levels. 
22  mallets. 

6  marline  spikes. 
5, 010  needles. 

39  papers  needles. 

82  nippers. 

1  oil  can. 

1  oil  cup. 

4  oil  droppers. 

5  oilers. 

28  oil  stoves. 

6  palms. 

1  pickaxe. 

2  pickaxe  handles. 
5  pincers. 

5  pin-drivers. 
9  planes. 

2  plane  irons. 
4  pliers. 

3  glue- pots. 

6  prickers. 

4  pricking  carriages. 
18  pricking  wheels. 

1  pritchel. 

88  assorted  punches. 

79  spring  punches. 

4  punching  blocks. 

131  rasps. 

7  rivet  sets. 

1  rounding  iron. 
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D5 

rnles. 

44 

sandstones. 

11 

saws. 

3 

saw  sets. 

3 

scales. 

21 

scissors. 

1 

scoop. 

6 

iron  scrapers. 

4 

paint  scrapers. 

30 

screw-drivers. 

1 

scythe. 

2 

scythe-snaths. 

1 

scythe-stone. 

46 

shears. 

16 

rubber  shoes. 

5 

assorted  shovels. 

2 

sickles. 

2 

slickers. 

11 

pairs  magazine  slippers. 

3 

squares. 

29 

thimbles. 

12 

thimbles  and  hooks. 

6 

ticklers. 

2 

tool  bags  for  saddlers  and  smiths'  tools. 

6 

tongs. 

8 

assorted  vises. 

28 

assorted  wrenches. 

41191 
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Appendix  4. 


Apportionment  of  ordnance,  ordnance  sioreSy^'Cf  for  the  fiscal  year  ending  June  3C 
under  eectione  1661  and  1667,  Eevieed  Statutes  United  States,  and  regulations  esta 
in  conformity  therewith. 


StAtea  and  Territoriea. 


Alabama 

Arkansaa . . . 
California... 

Colorado 

Connecticnt. 
Delaware . . . 

Florida 

Oeorffia 

lUinois 

Indiana 

Iowa 

Kansas 

Kentaoky... 
Loniaii^na... 
Maine 


Maryland 

Massachnsetts . . 

Miohi]i:an 

Minnesota 

Mississippi 

Missouri 

Xebniska 

Nevada , 

New  Hampshire 

New  Jersey 

New  York 

North  Carolina  . 
Ohio 


Namber  of 
Senators  and 
Represent- 
atives. 


Oregon 

Pennsylvania . . 
Rhode  Island . . 
Sonth  Carolina. 

Tennessee 

Texas 


Vermont. 

Virginia 

West  Virginia 

Wisconsin 

Arizona  Territory* 

Dakota  Territory  * 

Idaho  Territory  * 

New  Mexico  Territory  * 
Montana  Territory  * . . . . 

Utah  Territory  

Washington  Territory* 
Wyoming  Territory  *  . . . 
District  of  Columbia* . . . 


Total.. 
Fteighta,  &c. 


10 

7 

8 

3 

6 

3 

4 

12 

22 

15 

13 

9 

13 

8 

6 

8 

14 

13 

7 

9 

16 

5 

3 

4 

9 

36 

11 

23 

3 

80 

4 

9 

12 

13 

4 

12 

6 

11 

3 

3 

3 

3 

3 

3 

3 

8 

3 


Money 


*  Apportionment  according  to  the  first  paragraph  of  the  President's  regulation  of  April  80, 
(66) 


Appendix  5. 


Uatement  of  ordnance  and  ordnance  stores^  &c.^  distributed  to  the  militia 
from  July  1, 1883,  to  June  30, 1884,  under  sections  1661  and  1667,  Re- 
viMei  Statutes  United  States. 

Class  I. 

2  10-ponnder  Parrott  rifled  gniis,  3-inch  bore.    • 

1  12-pouDder  mountain  howitzer. 

4  3inch  breech-loading  howitzers,  with  Hights  complete. 

11  3-inch  wrought  iron  rifled  guns. 
1  Lowell  battery  gun,  caliber  .45. 

Class  IL 

1    carriage  and  limber  for  12-pounder  gun. 

12  carriages  and  timbers  for  3-inch  guns. 

4    carriages  for  3-inch  breech-loading  howitzers,  with  imple- 
ments and  equipments. 

1  carriage  for  Lowell  battery  gun,  caliber  .45. 
4    caissons  and  limbers  for  3-inch  gun. 

Class  III. 

4    copper  funnels. 

2  covers  for  Gatling  gun. 
4    drag  ropes.* 

20  extractor  hooks  for  Gatling  gun. 

8  fuse  blocks. 
14  fuse  cutters. 

13  fuse  gouges. 
12  fuse  wrenches. 

1  fuse  plug  wrench. 

25  feed  cases  for  Gatling  gun. 

56  gunners'  haversacks. 

23  gunners'  gimlets. 

21  gunners'  pincers. 
42  handspikes,  trail. 
73  lanyards. 

45  priming  wires. 

27  proionges.  <) 

20  pairs  pole  straps. 

9  pole  pads. 

3  poles  for  3-inch  carriage. 
30  paulins,  12  by  15  feet. 
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1  paulin,  8  by  12  feet. 

14  pendalum  hausses  for  field  gunB. 

10  pendulam  hausse  seats  for  field  guns. 

26  pendulum  bausse  pouches  for  field  guns. 
4  powder  measures,  1  pound. 

58  sets  artillery  harness,  2  horses,  wheel. 

42  sets  artillery  harness,  2  horses,  lead. 

16  sponge  buckets,  iron. 

10  sponges  and  rammers,  12-pounder  gan. 

2  sponges  and  rammers,  12-pounder  mountain  howitzer. 
2  sponges  and  rammers,  6-pounder  gun. 

68  sponges  and  rammers,  3-inch  rifle  gun. 

8  sponge  covers,  12-pounder  gun. 

2  sponge  covers,  6-pounder  gun. 

44  sponge  covers,  3-inch  rifled  gun. 

14  sponges,  3-inch  rifled  gun. 
91  thumbstalls. 

17  tar  buckets,  iron. 

24  tube  i>ouches. 
8  tow-hooks, 

13  tompions,  for  3-inch  rifled  guns. 

31  vent  punches. 

27  vent  covers. 

22  watering  bridles. 

15  worms  and  staves. 
1  wheel,  No.  1,  spare. 

Classes  IV  and  V. 

25  12-pounder  shot,  strapped. 
49  12-pounder  shell,  strapped. 

24  12-pouuder  spherical  case,  fully  prepared. 

30  3  inch  shot. 

465  3-inch  shell. 

155  3-inch  ca^e  shot. 

100  3*inch  canister. 

200  3inch  shrapnel  for  breech -loading  howitzer. 

200  3-inch  shell  for  breech-loading  howitzer. 

4  3-inch  dummy  shot  for  breech-loading  howitzer. 

4  3-inch  dummy  cartridges  for  breech-loading  howitzer. 

1, 000  metallic  ball  cartridges,  Gatling  gun,  caliber  1  inch. 

1,000  metallic  canister  cartridges,  Gatling  gun,  caliber  1  inch. 

Class  VI. 

4y  707  Springfield  rifles,  caliber  .45. 

100  Springfield  muzzle-loading  rifled  muskets,  caliber  .58. 

250  Springfield  carbines,  caliber  .45. 

550  Colt's  revolvers,  caliber  .45. 

109  officers'  swords. 

82  noncommissioned  officers'  swords. 

150  light-artillery  sabers. 

170  cavalry  sabers. 

416  bayonets. 
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Class  Vll. 

APPENDAaES. 

7G0    headless  shell-extractors,  caliber  .45. 

HORSE  EQUIPMENTS. 

178  bridles,  curb,  cavalry. 

34  brash  and  shoe  poaches. 

300  dtrbine  sockets  and  straps. 

99  curry  combs. 

13  halters. 

99  horse  brashes. 

34  links. 

65  lariats. 

272  nose-bags. 

65  picket  pins. 

140  pairs  spurs  and  straps. 

79  pairs  saddle-bags. 

244  saddles,  cavalry. 

610  saddle  blankets. 

13  surcingles. 

12  saddle  cloths. 

INFANTRY  EQUIPMENTS. 

6,  870  bayonet  scabbards. 

100  blanket  bags. 

100  pairs  blanket-bag  shoulder  straps. 

100  pairs  coat  straps. 

140  cap  pouches. 

60  canteens  and  straps. 

4, 175  cartridge  belts  and  plates. 

10, 000  cartridge  boxes. 

7y  210  gun  slings. 

100  sliding  frogs  for  non-commissioned  officers'  waist-belts. 

4,  400  waist  belts. 

3,  038  waist  belts  and  plates. 

ARTILLERY  EQUIPMENTS. 

60    leg  guards. 
88    whips,  artillery. 

CAVALRY  EQX7IPMBNTS. 

250  carbine  slings. 

250  carbine-sling  swivels. 

196  pistol  holsters. 

100  sword  knots. 

810  saber  belts  and  plates. 

Class  vm. 

1,350    blank  cartridges,  12-pounder  gun. 

ly  000    blank  cartrid^ree,  12'poandeT  mountain  howitzer. 
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500  blank  cartridges,  6-poniider  gan. 

2, 350  black  cartridges,  3iuch  rifled  gan. 

157, 000  rifle  ball  cartridges,  caliber  .50. 

563, 000  rifle  ball  cartridges,  caliber  .45. 

5, 000  revolver  ball  cartridges,  caliber  .45. 

110, 000  rifle  and  carbine  blank  cartridges,  caliber  .50. 

365, 000  rifle  and  carbine  blank  cartridges,  caliber  .45. 

4, 000  musket  blank  cartridges,  caliber  .58. 

1, 000  revolver  blank  cartridges,  caliber  .45. 

230^000  ballets  for  Lowell  battery  gun,  caliber  .45. 

8, 000  round  balls  for  Lowell  battery  gun,  caliber  .45. 

1, 500  practice  cartridges,  caliber  .45 

1, 000  practice  cartridges,  round  ball,  caliber  .45. 

1, 000  practice  shells,  caliber  .45. 

7, 000  cartridge  shells,  caliber  45. 

10, 535  friction  primers. 

475  fuses. 

10, 000  lubricants  for  reloading  Lowell  battery  gun,  caliber  .45. 

180, 000  primers  for  reloading  Lowell  battery  gun,  caliber  .45. 

80  sets  reloaders  for  Lowell  battery  gun,  caUber  .45. 

Class  X. 

PABTS  OF  SPBINaPIELD  BIFLE,  CALIBEB  .45. 

17  breech  blocks. 

25  breech-block  caps. 

319  breech-block  cap  screws. 

3  breech  screws. 
150  bridles. 

246  bridle  screws. 

5  cam  latches. 

250  cam-latch  springs. 

276  extractors. 

425  ejector  springs. 

6  ejector-spring  spindles. 
1  ejector  stud. . 

1,375  firing  pins. 

1, 144  firing-pin  screws. 

1, 250  firing-pin  springs. 

10  guaids. 

25  guard  bows. 

25  guard-bow  swivels. 

25  guard-bow  swivel  screws. 

10  guard  screws. 

4  hinge  pins. 
10  locks. 

5  lower  bands. 
212  main  springs. 

12  main-spring  swivels. 

930  rear  sights. 

100  rear-sight  slide-screws. 

1  receiver. 

102  ramrods. 

90  'sears. 

230  Bear  springs. 
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221  sear  screws. 

96  sear-spring  screws. 

17  stocks. 

1, 180  screw  drivers. 

320  spring  vises. 

37  side  screws. 

129  tumblers. 

344  tqmbler  screws. 

390  tumbler  punches. 

30  tang  screws. 

30  upper  bands. 

10  wooden  wiping  rods. 

PARTS  OF  SPRINaPIELD  RIFLE,  CALIBER  .50. 

20  barrels. 

50  breech  blocks. 

116  breech  screws. 

50  breech  block  cap  screws. 

250  bridles. 

350  bridle  screws. 

200  bayoi^t  clasps. 

300  bayonet-clasp  screws. 

150  butt-plate  screws. 

100  cam  latches. 

200  cam-latch  pins. 

500  cam-latch  springs. 

300  extractors. 

ly  400  ejector  springs. 

400  ejector-spring  spindles. 

50  ejector  studs. 

900  firing  pins. 

200  firing-pin  screws. 

25  front  sights. 

150  guards. 

50  guard  bows. 

100  guard-bow  swivels. 

100  guard-bow  swivel  screws. 

125  guard  screws. 

25  guard  plates. 

50  guard-bow  nuts. 

30  hammers. 

150  hinge  pins. 

25  locks. 

20  lock  plates. 

175  lower  bands. 

45  main  springs. 

300  main-spring  swivels. 

•300  main  spring  swivel  rivets. 

50  receivers. 

50  ramrods. 

130  rear-sight  bases. 
500  rear-sight  leaves. 
500  rear-sight  leaf  screws. 
450  rear-sight  leaf  slides. 
200  vesuc-Bight  apriDgs. 
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300 

rear-sight  joint  screws. 

225 

rear-sight  base  screws. 

375 

sears. 

150 

sear  springs. 

300 

sear  screws. 

200 

sear-spring  screws. 

600 

stocks. 

25 

spring  vises. 

500 

side  screws. 

500 

tumblers. 

326 

tumbler  screws. 

100 

tip  screws. 

25 

thumbpieces. 

100 

trigger  screws. 

150 

upper  bands. 

300 

upper-band  swivels. 

600 

upper-band  swivel  screws. 

PARTS  OF  SPRINaFIELD  Cj 

10 

bands. 

10 

breech  blocks. 

6 

breech  screws. 

10 

cam  latches. 

12 

extractors. 

50 

ejector  springs. 

12 

ejector-spring  spindles. 

2 

ejector  studs. 

50 

firing  pins. 

10 

guards. 

20 

guard  screws. 

8 

hinge  pins. 

10 

locks. 

10 

rear  sights. 

2 

receivers. 

10 

stocks. 

24 

side  screws. 

20 

swivel  bases. 

10 

swivel-base  rings. 

10 

swivel  bars. 

10 

tang  screws. 

MISCELLANEOUS. 

2    sets  reloading  tools. 

4    cartridge-bag  formers,  for  3-inch  brcech-Ioading  howitzer* 

Class  X.— VIII. 

400    cartridge  bags,  16-ounce,  for  3-inch  breech-loading  howit- 
zer. 
400    cartridge-bag  followers,  for  3-inch  breech-loading  howitzer. 
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Statement  of  ordnance^  ordnance  stores^  iSkc.j  distributed  to  the  Territories 
and  /States  bordering  thereon^from  July  1,  1883,  to  June  30, 1884,  under 
the  joint  resolutions  of  July  3,  1876,  March  3,  1877,  and  June  7, 1878^ 
and  the  act  of  May  16, 1878. 

100  Springfield  rifles,  caliber  .50. 

100  leather  bayonet  scabbards. 

100  cartridge  boxes. 

100  waist  belts  and  plates. 

5, 000  rifle  ball  cartridges,  caliber  .50. 

(73) 
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Statement  of  ordnance  and  ordnance  stores^  &c.y  distributed  to  colleges/rom 
July  1,  1883,  to  June  30,  1884,  under  section  1225,  Revised  Statutes 
United  States^  as  amended  by  a^ct  approved  July  5, 1876. 

Glass  I. 

6    3-inch  wrought-iron  rifled  guns,  model  1861. 

Class  II. 

6    carriages  and  limbers  for  34nch  guns. 
2    caissons  and  limbers  for  3-inch  guns. 

Class  ni. 

6  gunners'  haversacks. 

6  handspikes,  trail. 

12  lanyards. 

6  priming  wires. 

6  paulins,  12  by  15  feet. 

2  pendalum-hausses. 

2  pendulum-hausse  seats. 

2  pendalum-hansse  pouches. 

12  sponges  and  rammers  for  3-inch  rifled  guns. 

12  sponge  covers  for  3-inch  rifled  guns. 

6  tube  pouches. 

*  12  thumbstalls. 

6  tompions. 

6  vent  covers. 

1  worm  and  staff,  field. 

Class  VI. 

593    Springfield  cadet  rifles,  caliber,  .45. 
36    non-commissioned  officei^s  swords. 

Class  VII. 

745  cartridge  boxes. 

593  bayonet  scabbards. 

593  waist  belts  and  plates. 

198  waist  belt  plates. 

36  shoulder  belts  and  plates,  N.  C.  O. 
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Class  VIII. 

200  blank  cartridges  for  12-poander  gnu. 

800  blank  cartridges  for  B-poonder  gnn. 

500  blank  cartridges  for  3-inch  gnn. 

5y  000  carbine  ball  cartridges,  caliber  .50. 

14,  000  carbine  ball  cartridges,  caliber  .45. 

5,  000  carbine  blank  cartridges,  caliber  .50. 

14,  000  carbine  blank  cartridges,  caliber  .45. 

4,  500  friction  primers. 
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Report  of  (lotion  taken  under  the  act  of  March  3,  1881,  during  the^ 

year  ended  June  30, 1884. 

BOLD. 

To  J,  W,  Frazier. 
1863. 
Got.     11.  24,300  ponnds  market  powder  from  broken-ap  ammanitioxiy  at  8 

cents  per  pound 91»i 

To  E,  L  Du  Pont  de  Nemours  f  Co: 

KoT.     19.  11,160  ponnds  ninsket  powder  from  broken-np  ammunition,  at  8 

cents  per  pound i 

To.  J.  W.  Frasier, 

Deo.     18.  1,600  20-pounder  Parrott  shells,  26,400  ponnds,  at  5  cents  per 

pound 1,3 

8C0  20-rH)nnder  Parrot  case  shot,  14,800  pounds,  at  5  cents  per 
pouna 1 

To  E.  L  Du  Pont  de  Nemours  4-  Co, 
1884. 

June  23.  28,200  pounds  unserviceable  powder  at  3  cents  per  pound $6 

10,478  pounds  unserviceable  powder  at  3|-  cents  per  pound 3 

Total  proceeds 6,1 

PURCHASED. 

"*  From  South  Boston  Iron  Works. 
1883. 

Julj    25.  250  4.2-lnch  Butler  shot,  at  $7.60  each |1,9 

IToT.    13.  250  3-inch  Butler  shot,  at  $2.79  each 6 

250  3-inch  Butler  sbells,  at  $2.62  each 6 

300  4.5-inch  Butler  shot,  at  $6.65  each 1,9 

250  4.5-inch  Butler  shells,  at  $G.87  each 1.7 

From  West  Point  Foundry  Association. 
1863. 

KoT.    13.  250  3-inch  Butler  shot,  at  $2.79  each 6 

250  3-inch  Butler  shells,  at  $2.62  each 6 

300  4.5-inch  Butler  shot,  at  $6.65  each 1,9 

250  4.5-inch  Butler  shells,  at  $6.87  each 1,7 

From  E.  I.  Du  Pont  de  Nemours  4"  Co. 
1883. 

Jul  J      1.  82,272f  pounds  musket  powder,  at  22  cents  per  pound 18, 1 

10,000  pounds  cannon  powder,  at  22  cents  per  pound 2,  J 

Hot.     2.  1,000  pounds  hexagonal  powder,  at  25  cents  per  pound .^ 2 

1884. 

Jan.    25.  10,000  ponnds  sphero-hexagonal powder,  at  25  cents  per  pound..  2,S 

March  11.  4,000  pounds  granulated  powder,  at  18  cents  per  pound 7 

April  29.  10,000  pounds  sphero-hexagonal  powder  at  25  cents  per  pounds..  2,  S 

From  Bernard  Peyton. 
1884. 
Jao.      12.  10,000  pounds  spehro-hexagonal  powder,  at  25  cents  per  pound . .    2,  S 
9,871i  pounds  hexagonal  powder,  at  26  cents  per  pound 2,  S 

Total  purchased 43,3 

(76)  = 
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THE   OXIDATION  OF  METALLIC  PARTS   OF  THE  SPRINGFIELD  RIFLE. 

BY  LIEUT.  COL.   A.   R.  BUFFlNGTON,   ORDNANCE  DEPARTMENT. 

National  Armory, 
Springfield^  Mass.j  October  7,  1884. 

Sir  :  Within  a  few  days  past  1  have  been  called  upon  by  the  Depart- 
ment for  remarks  relative  to  the  "Bower-Barff  process''  of  oxidiziijg  the 
surface  of  iron  and  steel  for  preservation.    To-day  a  representative  of 
the  parties  controlling  this  process  called  upon  me  with  specimens  of 
their  work,  one  a  piece  of  gun  barrel.    In  this  way  the  subject  has  again 
Wn  called  to  attention,  at  the  same  time  the  discovery  is  made,  by  a 
comparison  of  work  and  a  fuller  knowledge  of  the  Barff  process,  that  a 
method  now  in  use  at  this  armory  is  superior  to  it  for  the  oxidation  of 
parts  of  small  arms.    Six  or  seven  years  ago  the  Barfl' process,  so  far  as 
my  knowledge  extends,  was  made  known  in  this  country,  and  attracted 
py  attention  relative  to  the  oxidation  of  parts  of  small  arms,  but  my 
interest  extended  no  further ;  the  difficulties  attending  the  application 
and  the  high  degree  of  heat  required  presenting  obstacles  I  did  not  care 
to  encounter  experimentally.    Some  time  after,  either  immediately  be- 
fore or  after  my  change  of  station  to  the  Watervliet  Arsenal,  I  saw  a 
public  notice  of  a  lecture  in  England  in  which  it  was  stated  the  lecturer 
asserted  the  oxidation  of  iron  and  steel  surfaces  by  the  application  of 
melted  niter  to  be  the  magnetic  or  peroxide  of  iron.    This  or  a  similar 
notice  was  seen  by  one  of  the  assistant  officers  at  Watervliet,  and  he 
called  attention  to  it  and  suggested  that  it  be  tried,  which  I  instructed 
nim  to  do  with  the  lariat  rings  then  manufactured.    The  result  proving 
satisfactory,  the  rings  were  thereafter,  up  to  the  time  of  my  leaving  the 
^^nal,  so  colored. 

About  this  time,  being  on  a  board  of  officers  in  New  York  with  the 
late  Colonel  Benton,  then  in  command  of  the  armory,  I  called  his  atten- 
^on  to  the  subject  with  a  view  of  applying  the  process  to  parts  of  small 
^nns.  He  soon  after  died,  and  no  further  action  was  taken  until  some 
finie  after  I  succeeded  him  here,  when  my  attention  was  again  called  to 
Jjby  the  master  armorer  observing  the  coloring  of  some  metal,  oxidized 
^y  niter,  which  I  had  brought  with  me,  and  asking  how  it  had  been 
done. 

I  then  began  experimenting,  but  succeeded  only  at  first,  with  the 
*^cJp  of  one  of  the  workmen,  in  securing  a  good  color  for  the  tip  of  rifle 
stocks.  This  part,  malleable  iron,  had  always  been  case-hardened.  The 
^sehardening  besides  not  coloring  uniformly  injured  the  files  in  fitting 
^.crammer  to  the  groove  in  assembling  the  arms.  From  this  success, 
J^Jthout  entering  into  details,  we  have  progressed  until  now  tips,  bands, 
band-springs,  guards  (fully  assembled),  and  butt-plates  are  colored  with 
^ne  niter,  and  some  experiments  with  barrels,  after  one  (the  first)  rust 
Jl^g  of  the  present  browning  process,  would  indicate  thaf  it  is  but  a  ques- 
"Oil  of  time  until  all  metal  parts  of  the  rifle  not  requiring  to  be  \\\«- 
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dened,  are  bo  colored.    Bat  after  the  success  with  the  tip  when  the 
process  consisted  simply  in  immersion  in  melted  niter  at  abont  the 
melting  temperature,  after  a  blueing  made  in  the  ordinary  way  with 
heat  (the  malleable  iron  it  was  found  required  this  preliminary  blueing), 
a  change  was  made.    Whether  the  resulting  satisfactory  work  is  due 
to  that  change,  or  simply  the  result  of  more  skill  and  judgment  acquired 
by  practice,  as  to  degree  of  heat,  time  of  immersion,  &c.,  I  am  unable 
to  say.    The  change  consists  in  putting  in  the  vessel  with  the  melted 
niter  a  few  pounds  of  peroxide  of  manganese.    It  was  known  to  me  that 
the  presence  of  this  mineral  increased,  without  any  chemical  change  in 
itself,  the  oxidizing  properties  of  chlorate  of  potassa.    Why  not  aA  well 
the  nitrate  of  potassa  f    I  tried  it  with  the  result  as  above.    I  have  made 
no  secret  of  this  whole  matter  and  it  has  already  attracted  the  attention 
of  one  private  arms  company  to  the  extent  of  coming  here  to  see  and 
learn  the  process.    But  it  has  occurred  to  me  the  armory  process  being 
superior  in  color  (to  the  specimen  of  gun  barrel  shown),  economy,  and 
simplicity  of  application,  and  the  heat  required  not  affecting  the  temper, 
which  the  Barft*  process  does,  of  tempered  parts  subjected  to  it,  the 
United  States  should  be  secured  in  the  use  of  this  valuable  method 
without  payment  of  royalties,  by  the  publication  of  the  history  of  its 
use  here.    The  simple  oxidation  of  iron  and  steel  by  niter  could  not  be 
patentedj  as  books  of  chemistry  have  long  ago  published  it,  bat  the 
process  as  above  described  might  be. 

I  therefore  make  this  report  with  a  view  to  its  speedy  publication. 
The  method  used  here,  in  brief,  is  as  follows :    A  cast-iron  pot  or  ves- 
sel, open  to  the  air,  built  into  a  furnace  of  firebrick  and  heated  from 
below,  contains  the  niter  and  oxide  of  manganese  at  a  temperature* 
sufficiently  hi.i^h  to  cause  ignition  and  combustion  of  a  pinch  of  sawdos^ 
thrown  upon  the  surface  of  the  niter.    The  parts  to  be  subjected  Ui 
oxidation  are  suspended  by  wires  from  a  stationary  hook  above  the  potf 
in  |;he  center  of  the  niter  after  immersing  and  moving  them  abocv 
through  it  so  as  to  stir  up  the  mixture.    The  parts  are  put  in  cold  anf 
finished  excepting  color,  and  left  suspended  as  above  from  five  minuti 
up,  depending  on  the  size  and  color  required.    After  the  lapse  of  ti( 
required  time,  or  after  satisfactory  color  is  obtained,  which  can  be  j 
termined  by  raising  the  charge  out  of  the  niter  and  looking  at  it,  iv 
plunged  into  a  vessel  of  hot  water  to  cool  and  remove  the  adheif 
nitre;  then  into  oil,  completing  the  process. 
Eespectfully,  your  obedient  servant, 

A.  K.  BUFFINGTON, 
Lieutenant'Colanel  at  Ordnance^  Commandin 

Chief  of  Ordnance,  U.  S.  A., 

Washington^  D.  C, 
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tEPORT  OF  THE  PRINCIPAL  OPERATIONS  AT  THE  ROCK  ISLAND  ARSE- 
NAL, ILLINOIS,  DURING  THE  FISCAL  TEAR  ENDED  JUNE  30,  1884. 

USUT.   COL.   D.   W.   FLAQLSR,   ORDNANCE  DEPARTMENT,   COMMANDING. 

(Two  plates.) 

Shop  H. — An  iron  finishing  shop  far  the  armory. — (Plate  I.) 

Tbis  shop  was  commenced  in  Augost,  1878.    The  work  done  on  it 
dming  the  year  is  as  follows : 

STONE  WORK. 

The  walls  of  the  third  story  have  been  completed,  thus  completing 
the  walls  of  the  bnilding.  The  stone  for  outside  steps  and  platforms 
i  has  been  purchased  and  cut,  and  at  the  close  of  the  year  the  construc- 
.  tion  of  masonry  for  setting  these  steps  and  platforms,  the  building  of 
area  walls,  and  the  grading  areas  and  flooring  the  same  with  stone, 
wag  in  progress.  In  connection  with  this  work,  the  sewers  with  drain 
pipes  and  stench  traps  from  areas  and  roof  down-spouts  and  the  water 
roaing  were  being  put  in. 

IRON  WORK. 

.  The  beams  for  the  iron  roof  frame  have  been  purchased.  The  bar 
^^  for  the  truss  rods  and  other  iron  for  the  roof  was  manufactured  in 
"^^Annory  rolling-mill  and  in  the  Arsenal  foundry. 
.  The  roof  frame  was  entirely  manufactured  in  the  Arsenal  shops  dur- 
^H  the  winter,  and  at  the  close  of  the  year  nearlv  all  of  it  had  been 
^^  ^P  on  the  building. 

OTHER  WORK  DONE. 

f  he  brick  and  skewbaeks  (about  1,000,000)  for  the  fire-proof  arches 
J^  purchased  and  stacked  under  cover  during  the  winter.  There 
^%  no  other  demand  for  brick  during  the  winter  they  were  purchased 
«C  that  season  at  about  15  per  cent  less  than  summer  prices. 

The  door  and  window  frames  and  the  window  sash  were  manufact- 
^  in  the  Arsenal  shops,  and  the  latter  glazed  during  the  winter. 

At  the  close  of  the  year  the  work  of  putting  on  the  roof  sheathing, 
^Pper  and  slating,  and  putting  in  brick  arches,  and  putting  in  windows, 
^^  in  progress.  This  building  will  be  entirely  .completed  during  the 
P^^nt  fiscal  year  if  the  appropriation  therefor  proves  sufficient. 
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Shop  K. — A  Finishing  and  stocking  Shop  for  the  Armory, 

(Plate  1.) 

This  shop  was  commenced  in  July,  1881.  It  is  the  last  of  the  she 
embraced  in  the  plans  for  both  the  Armory  and  the  Arsenal.  The  wc 
done  on  it  dnring  the  year  is  as  follows : 

STONE  WORK. 

The  stone  required  for  the  first  story  has  been  purchased  and  cut,  a 
the  walls  of  this  story  completed.  Bather  more  than  three-fourths 
the  stone  required  for  the  second  story  has  been  purchased,  one-half 
it  cut,  and  the  walls  of  one-half  of  this  story  have  been  built.  The  sto 
for  nearly  one-half  of  the  third  story  has  been  purchased  also. 

It  may  be  worth  while  to  state  here  that  the  third  story  walls  a 
tain  all  the  large  costly  dimension  stones  of  the  entablature,  which  £ 
difficult  for  the  quarryman  to  provide.  Generally  not  more  than  oi 
tenth  of  the  product  of  a  quarry  will  answer  for  these  stones.  For  sc 
eral  years  I  have  adopted  the  practice  of  allowing  the  contractor 
quarry  and  furnish  these  stones  whenever  he  can  get  them  during  t 
three  or  four  years  that  he  is  furnishing  stone  from  the  date  of  coi 
mencing  the  building  till  the  walls  are  finished.  This  euables  him 
get  out  these  stones  whenever  he  can  along  with  the  other  cheap 
stones,  the  rubble  and  ashlar,  ship  them  and  receive  payment  for  thei 
It  saves  him  the  great  expense  of  hauling  them  to  distant  ground,  kee] 
ing  them  several  years  till  they  are  wanted,  and  then  hauling  tliei 
back  to  the  cars,  and  waiting  several  years  for  the  price  of  them. 

Instead  of  this  he  used  generally  to  sell  them  to  other  parties  if  h 
could,  or  convert  them  into  the  cheaper  grade  of  ashlar  for  the  Arsen; 
shops,  and  when  the  construction  of  the  third  story  was  reached  lor 
vexatious  delays  would  occur,  while  the  contractor  was  quarrying  a? 
hauling  out  of  his  way  large  qunntitiea  of  unsalable  stone  in  order 
get  at  the  difficult  stone  required.    The  present  custom  enables  hia 
ship  at  once  as  it  is  quarried  nearly  all  of  the  sound  and  well-shtf 
stone  of  his  quarry  as  he  quarries  it,  and  thereby  saves  to  the  Uri 
States  a  large  percentage  in  the  price.    Also,  as  these  stones  rec 
much  labor  in  cutting,  it  enables  me  to  have  them  cut  during  the 
eral  winters  that  the  walls  are  in  progress,  and  saves  the  conside 
expense  of  taking  on  a  large  number  of  untried,  and  probably  unsk 
cutters  to  hasten  the  cutting  when  the  third  storj-  is  reached, 
practice  has  saved  probably  about  $8,000  on  the  cost  of  the  w 
each  shop. 

IRON-WORK. 

All  the  iron  beams  for  the  second  floor  have  been  purchased 
the  3'ear,  fitted  in  the  Arsenal  shops,  and  put  in  position.    The  i 
umns  for  the  first  story,  the  caps  for  the  same,  and  the  caps  av 
for  the  second  floor  have  been  cast  and  fitted  in  the  Arsenal  sb 
put  in  position. 

AVOOD-WORK. 

All  the  lumber  for  this  building  has  been  purchased,  and 
under  temporary  sheds  for  seasoning. 

A  large  amount  of  other  work  in  connection  with  grading, 
paving  the  court,  areas,  and  area-wall  foundation  has  been  do 
this  building. 
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Store-house  A. 

(Plate  I.) 

This  baildiiig  was  commenced  in  April,  1883,  and  is  the  first  ot*  the 
store-bouses  required  for  the  Arsenal  and  Armory.  At  the  beginning 
of  the  fiscal  year  the  excavations  for  the  basement  had  been  completed, 
tbe  foundations  put  in,  and  a  portion  of  the  basement  story  had  been 
built.    The  work  done  on  the  building  during  the  year  was  as  follows : 

STONE  work. 

The  basement  story  walls  have  been  finished;  the  twenty- six  stone 

piers  required  for  sustaining  the  floors  have  been  built ;    the  second 

story  has  been  built  entire,  and  the  third  story  nearly  completed.    The 

stone- work  was  in  rapid  progress  at  the  close  of  the  year  with  the  view 

of  completing  this  story  and  the  next  (thus  completing  the  walls  of  the 

buildiog)  by  November  1, 1884,  in  time  to  put  on  the  roof  before  severe 

winter  weather  sets  in. 

IRON-WORK. 

Tbe  massive  caps,  bases,  and  corbels  for  the  tops  of  the  stone  piers, 
in  connection  with  the  first  floor,  were  cast  and  finished  in  the  Arsenal 
sbops during  the  winter  and  have  been  put  into  the  building.  Draw- 
inp  of  this  iron- work  were  furnished  with  my  annual  report  of  last  year. 
At  the  close  of  the  year  the  same  iron- work  for  the  second  story  and  for 
the  third  floor  was  in  [irogress  and  nearly  completed. 

\  ■■  --■"•'»-• 

1  All  the  lumber  for  the  whole  building  has  been  purchased  and  stacked 
I  under  temporary  sheds  for  seasoning,  and  the  heavy  timbers  and  joists 
[  for  the  first  and  second  floors  have  been  ^amed  and  put  in  position,  and 
^ereused  as  scaflfoldiug  for  carrying  the  heavy  traveling  cranes,  and 
^mwaysfor  transporting  stone  used  in  the  construction  of  the  walls  of 
the  building. 

These  floors  are  designed  to  support  a  load  of  400  pounds,  per  square 
'^t.  Drawings  showing  their  construction  were  furnished  with  mv 
^Port  of  last  year. 

^\ork  on  this  buildi  Jg  is  being  rapidly  pushed,  with  the  intention  of 
gettiug  the  iron  roof  frame  on  the  building,  and  of  completing  the  roof 
"^fore  December  1,  1884,  in  order  to  protect  the  valuable  timber-work 
^Uhe  floors  from  the  weather  during  the  winter.  It  is  expected  that 
the  building  will  be  completed  and  ready  for  use  by  July  1, 1885,  if  the 
appropriation  therefor  proves  sufficient. 

^^^*AIRS  OF  BUILDINGS,   IMPROVEMENT  OF  GROUNDS,  AND  GENERAL 

CARB  AND  PRESERVATION. 

The  Work  done  under  the  head  of  repairs  and  care  and  preservation* 
^^been  mainly: 

fhe  repairs  necessary  for  the  preservation  of  the  extensive  dam^, 

P^^i  and  machinery  pertaining  to  the  water-power  and  the  transmis- 

«^««  machinery. 

oome  rather  expensive  and  absolutely  necessary  repairs  to  the  Arsea.il 
railroad. 

ejDj  oBu — 6 
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Sucb  repairs  as  were  absolutely  and  immediately  necessary  for  t 
preservation  of  buildinp^s  as  far  as  the  amount  of  the  appropriation  wou 
permit. 

Necessnry  repairs  of  the  bridges  to  Rock  Island  and  Moline. 

The  care  and  preservation  of  the  extensive  grounds  and  roails. 

The  substitution  of  an  iron  hood  for  the  temporary  \voodeii  one  • 
the  Arsenal  forging  shop  and  foundry  (Shop  E),  in  compliance  with  t 
verbal  instructions  of  the  Chief  of  Ordnance,  during  his  last  visit 
this  Arsenal.  This  hood  has  a  total  length  of  790  feet,  is  15  feet  witi 
and  the  walls  8  feet  high.  The  frame  is  of  wrought  iron,  and  its  ro 
galvanized  and  corrugated  sheet-iron. 

When  the  building  was  completed  in  1873,  the  appropriation  beii 
insufficient,  the  side  walls  were  constructed  of  wood.  This  wood-woj 
has  now  been  removed,  the  side  walls  made  of  galvanized  and  corr 
gated  iron  in  panels  placed  between  pilasters  5  feet  apart,  in  all  r 
spects  like  the  hood  of  the  rolling-mill  armory,  Shop  F.  The  chani 
Las  not  only  made  the  construction  permanent  in  accordance  with  tl 
original  plan,  but  also  adds  much  to  the  good  appearance  of  the  buil< 
ing. 

The  principal  work  done  under  the  head  of  improvement  of  ground 
Las  been  as  follows : 

The  work  of  grading  of  ground,  constniction  of  streets,  laying  walkt 
and  planting  trees  around  newly  finished  buildings,  has  been  continaed 

The  ditching  of  the  low  swamp  lands  of  the  island  has  been  continued 

The  south  shore  of  the  island,  from  a  point  about  1,000  feet  below  th< 
water-power  dam  down  to  near  the  powder  magazine,  a  distance  of  uearl; 
three-fourths  of  a  mile,  has  been  riprapped  to  prevent  washing  awa> 
During  the  extreme  high  water  of  the  last  three  years  the  water  has  com 
up  to  the  overlying  soft  loam  of  the  island,  and  waves  caused  by  scut 
winds  across  the  water,  which  is  wide  at  a  high  stage,  was  rapidly  cuttia 
away  the  shore.    The  greater  part  of  the  stone  for  the  work  was  haole 
from  a  dump  made  from  the  late  excavations  in  the  water-power  caul 
near  its  west  end,  and  w^as  hauled  over  mainly  on  the  ice  by  enlist/ 
men,  with  the  Government  teams  during  the  winter,  when  other  wcf 
was  slack.    A  portion  of  the  stone  was  taken  from  a  rock  cut,  made' 
building  West  avenue,  which  is  described,  just  below.  , 

The  principal  item  of  work  under  this  head  has  been  the  construct 
of  West  avenue  from  South  avenue  southward  to  the  south  shore  of- 
island.    fSee  Plate  II.) 

From  the  site  of  the  new  Storehouse  A,  the  ground  slopes  sudd 
southward  down  to  a  low  swamp,  subject  to  harmless  overflows  du 
freshets.    This  swamp  terminates  in  a  steep  rise  to  the  rock  platef 
the  site  of  the  laboratory  yard.     I  commenced  a  fill  across  this  si 
with  a  portion  of  the  excavations  from  Shop  A,  in  1873  and  1874. 
fill  has  been  completed  during  the  year  with  the  excavations  frof 
basement  of  the  Storehouse  A,  and  with  the  cuttings  from  the  ror 
made  through  the  plateau  near  the  laboratory  yard.    This  cut  i 
quired  in  order  to  establish  a  suitable  grade  for  West  avenue.    1 
is  900  feet  long,  130  feet  wide  on  top,  and  11  feet  deep  at  its  i 
part  (see  cross-section  on  Plate  II),  and  contains  in  all  about 
cubic  yards.    Its  sides  are  smoothly  riprapped  with  rock,  as  sb 
the  drawing. 

The  roadway  of  the  avenue  was  then  constructed  on  the  fillandf 
the  cut  down  to  the  river,  with  substantial  stone  gutters  on  bof 
This  avenue  is  an  important  one  as  it  is  the  road  between  the  st 
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ories,  and  magazines,  and  has  been  well  constructed.  A  profile 
•oadway  is  also  given  on  the  drawing. 

ftU  at  the  sides  of  the  avenue,  each  50  feet  wide  from  the  avenue 
margins^of  the  fill  and  cut,  were  covered  and  handsomely  graded 
am  saved  from  the  excavations  and  rich  earth  hauled  from  the 
\  in  the  swamps,  and  sodded.  No  trees  are  planted  on  the  ground 
ade,  except  along  the  margins  of  the  fill  and  cut,  in  order  to  leave 
open  from  the  railroads  and  growing  city  on  the  mainland,  to  a 
1  of  the  shops. 

is,  I  believe,  the  best  improvement,  in  appearance,  made  on  the 
.  Its  good  effect  is  improved  by  leaving  out  trees  among  surround- 
here  we  have,  I  think,  too  many  trees. 

alk  has  been  built,  as  shown  on  the  drawing,  from  the  shops  to 
wratory  yard.  It  is  constructed  of  beton,  as  described  in  my  last 
I  report.  So  far  as  I  can  judge  now,  this  walk  will  prove  as  dura- 
the  best  flag-stone  walks.  Its  first  cost  is  only  70  per  cent,  that 
le;  it  costs  nothing  for  care  and  preservation,  is  much  handsomer, 
itter  also  if  it  will  last. 

oonection  with  all  of  the  above  work,  a  site  for  laboratories  has 
i,  elm  trees  planted  between  the  propof^ed  sites  for  the  buildings, 
tect  them  f^om  each  other  in  case  of  flre  or  explosions,  and  the 
la  inclosed  with  a  fence.  The  grading  was  difficult,  as  many  high 
of  rock  had  to  be  blasted  off,  and  much  earth  hauled  in  for  grsui- 
Boles  had  also  to  be  blasted  out  for  planting  the  trees, 
ermanent  railroad  siding  has  also  been  built  from  the  main  track 
as  Storehouse  A.  This  is  part  of  a  track  the  whole  of  which  is 
on  Plate  I.  A  considerable  embankment  was  required,  and  it  is 
utirely  of  rock  and  handsomely  riprapped. 
il  it  my  duty  to  invite  the  attention  of  the  Chief  of  Ordnance  to 
it  that  the  appropriation  allowed  for  this  class  of  work  for  several 
[)ast  has  been  much  less  than  it  ought  to  be.  The  utmost  that  is 
ie  has  been  done  to  economize.  It  is  nearly  impossible  that 
mprovement  of  grounds  should  not  be  carried  on  in  connectioQ 
le  construction  of  buildings  in  order  to  utiHze  materials  excavated, 
(rounds  around  the  buildings,  and  furnish  needed  improvements 
in  carrying  on  other  work.  Besides  this  the  builJings,  roads, 
lier  improvements  are  now  of  such  magnitude  that  they  require 
3n  times  as  much  for  their  proper  care  and  preservation  as  they 
rteen  years  ago,  at  which  time  the  appropriation  for  this  work 
tuble  that  which  has  been  allowed  in  the  past  few  years, 
ow  of  no  better  method  of  exhibiting  this  than  by  comparison, 
tent  of  the  work  that  ought  to  be  done  to  keep  in  good  order  and 
streets,  avenues,  grounds,  large  bridges,  shores  of  the  island, 
ds,  gutters,  walks,  sewers,  water- works,  and  the  dams  and  gates, 
her  constructions  pertaining  to  the  water-power,  is  equal  to  the 
»f  a  similar  kind  done  in  a  city  of  10,000  inhabitants.  In  addition 
,  the  buildings  and  many  other  constructions  taken  cjire  of  by 
e  owners  in  a  city,  must  be  ke])t  in  repair.  I  estimate  that  $9,000 
to  be  expended  in  the  coming  year  in  repainting  buildings  and 
s  alone,  for  their  proper  preservation. 

MACHINERY  AND  SHOP  FIXTURES. 

principal  items  of  work  under  this  head  has  been  the  manufa^^t- 
sliafting  and  other  fixtures  for  Shop  G ;  the  manufacture  of  new 
P8  and  boxes^  of  the  pattern  described  in  my  report  of  18T4,  foi: 
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Shop  C  ;  the  forging  of  heavy  shafting  for  wat^r-power  niachiner 
construction  of  a  50-ton  track  scales  in  the  railroad  track,  and  th 
dition  of  a  few  machines  required  for  immediate  use  in  the  shops, 
principal  of  these  is  a  large  sized  band  resawing  machine  for  the ' 
working  shop. 

ROLLING-MILL. 

In  my  last  report  a  description  was  given  of  some  improveme 
the  fixtures  of  the  rolling-mill  for  accomplishing  more  economical 
and  these  have  been  used  with  good  success  during  the  past  year. 

1  would  also  report  that  a  serious  matter  in  running  the  mill  h< 
fore  has  been  the  employment  of  skilled  mill  men.  These  men  chi 
extortionate  prices,  could  not  be  properly  controlled,  and  gave 
trouble.  I  succeeded  last  winter  in  getting  along  without  then 
party  of  workmen,  generally  helpers,  were  taken  from  the  regular 
of  arsenal  employes,  and  carefully  and  slowly  trained  to  do  the 
They  were  men  who  would  otherwise  have  been  thrown  out  of  em 
ment  during  the  winter,  and  the  labor  was  valuable  to  them.  A  sj 
was  effected  on  former  prices  of  about  40  per  cent,  on  blooming 
28  per  cent,  on  rolling. 

Ko  comparison  can  be  made  on  heavy  forgings,  as  none  of  thesi 
been  made  before.  They  had  been  ])urchased  at  from  7^  to  9.J 
per  pound.  Tliose  made  last  winter  cost  about  3.9  cents  after  th€ 
had  been  trained,  allowing  f  of  a  cent  for  the  scrap.  This  la«t 
was  however  valuable  in  providing  facilities  for  furnishing  heavy 
ings  should  they  ever  be  required  by  the  Department. 

The  work  done  was  as  follows : 

1 

Bl(»om8  made  from  x»<»or  scrap *2 

Bar-irou  rolled 1 

Shafting  roUcd,  3^  inch 

Shafting  forged,  y^^incli 

Shafting  forged,  7^^  inch 

Shafting  forged,  5y  inch 

In  this  connection  1  would  invite  the  attention  of  the  Departnu 
the  facilities  which  the  Arsenal  has  in  steam-hammers,  heavy 
punches  and  shears,  and  good  forging  and  machine-shop  a])]>lianc 
such  heavy  work  as  the  manufacture  of  iron  or  steel  fieldcarriag( 

»  •  •  •      *        •  •  • 

ROOK  ISLAND  BRIDGE. 

I  append  hereto  (Appendix  B)  a  statement  of  the  traffic  by  the 
lie  on  the  bridge  during  the  year. 

The  only  repairs  of  the  bridge  during  the  year  other  than  thos< 
essary  for  ordinary  care  and  preservation  were  some  extensive  r€ 
of  the  timber-crib  of  the  draw-pier,  some  improved  machinery  f< 
connections  between  the  railroad  deck  and  the  adjoining  span 
purchase  of  lumber  for  renewing  roadways,  and  a  new  coat  of  macs^ 
9  inches  deep,  on  ^00  feet  of  Fort  Armstrong  avenue.  The  traf 
heavy  teams  on  the  bridge  has  become  so  great  as  to  require  a  rei 
of  the  macadam  on  the  avenue  about  once  in  two  years,  and  of  th< 
floors  of  the  wagon-road  on  the  bridge  about  once  in  four  years. 
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WATER-POWER. 

The  work  done  on  the  water-power  during  the  year  in  carrying  out  a 
special  contract  made  with  th^  Moline  Water  Power  Company  in  1882, 
hag  been  as  follows : 

The  new  dam  for  the  use  of  the  Moline  Company,  with  iron  gates  and 
fixtures,  has  been  completed  in  accordance  with  the  contract. 

The  deepening  of  the  canal  for  the  use  of  the  Moline  Company  has 
been  completed  in  accordance  with  the  contract. 

A  large  amount  of  work  has  l>een  done  in  the  improvement  of  the 
water-power  pool  specified  in  the  contract,  including  the  excavation  of 
about 56,000  cubic  yards  of  rock  material,  the  extension  of  the  wing-dam 
as  required  in  the  contract,  and  raising  about  one-half  mile  of  the  dam 
to  au  increased  height  of  3  to  8  feet. 

This  part  of  the  work  is  not  yet  finished  and  a  full  detail  reporli  of 
the  whole  work  is  deferred  until  its  final  completion. 

Note.— Work  in  the  pool  was  resumed  in  August  this  year,  with  a 
very  favorable  stage  of  water,  and  was  prosecuted  advantageously  until 
the  18th  of  September,  when  a  freshet  in  the  upper  river  caused  a  rise 
to  nearly  extreme  high  water  here,  broke  the  dams,  flooded  the  work, 
and  has  given  much  trouble.  The  river  is  still  at  a  high  stage,  con- 
tiiiuoas  heavy  rains  have  caused  a  frecih  rise,  and  I  fe^r  it  may  be  im- 
possible to  resume  the  work  this  season. 

D.  W.  FLAGLER, 
Lieutenant- CoUmel  of  Ordnance^  Commanding. 

KocK  Island  Arsenal,  Illinois, 

October  8,  1884. 


Appendix  B. 
Abstract  of  record  kept  at  the  Rock  Island  Bridge  during  the  year. 

PASSING  NORTH. 

pJjRineawith  trains 6,953 

^"^J^ines  without  trains 569 

Total  engines 7,522 

{*,^««ii-iiger  cars 12,340 

J^'^^iightcare 106,053 

;^Oot  paasengers 285,406 

i^^ms 176,287 

^^^araboats 1,381 

"^''Ree 74 

PASSING  SOUTH. 

^»»gine8  with  trains 7.052 

^^igmes  without  trains 564 

Total  engines 7,616 

passenger  cars 12,413 

J,'«igbtcar8 105,750 


I^oot 


paasengers 290,205 


if*^s 178,560 

^^amUoats 1,392 


Rafts 


?«8 1^ 

l,Ql>^ 


MAP  or  A  Po/?r/OA/  or 
^ocK  Island  /J^sen^l 


platbi 
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MEPORT  OF  THE  PRINCIPAL  OPERATIONS  AT  THE  UNITED  STATES 
POWDER  DEPOT,  DOVER,  N,  J.,  DURING  THE  FISCAL  YEAR  ENDED 
JUNE  30.  1884 

BY  MAJ.  J.   P.  FARLEY,   ORDNANCE  DEPARTMENT,   COMMANDING. 

(3  plates.) 

United  States  Powder  Depot, 

August  15,  1884. 

The  Chief  of  Ordnance,  U.  8.  A., 

Washington^  D.  C: 

Sm:  In  order  to  present  in  a  consecutive  manner  the  operations  con- 
tincted  at  this  post  during  the  fiscal  year  ending  June  30, 1884,  it  will 
be  necessary  to  embraee  the  work  done  during  the  last  two  months-  of 
the  previous  fiscal  year. 

My  predecessor's  report  closed  April  21, 1883,  and  the  following  state- 

■Qeut  exhibits  the  amount  of  funds  on  hand  at  that  date,  the  amouut  of 

boildiug  material  delivered  and  paid  for  ready  to  be  applied  in  the  con- 

stmction  of  magazine  No.  2,  and  the  funds  received  since  that  date. 

I*he  disposition  of  these  supplies  and  funds  to  the  30th  of  June,  1884,  is 

Hkewise  indicated  in  the  statement: 

Total  received  since  April  21,  1883. 

1«83. 

Apr.  21.  Amoant  transferred  by  my  predeceasor f25, 561  24 

Value  of  material  on  hand  for  constructing  magazine  No.  2  (iron, 

cement,  bricks,  &c.) 12,000  00 

^^^y  1.  Amount  appropriated  for  powder  depot,  available  after  July  1, 

1883 40,000  00 

Amoant  appropriated  for  ordnance  service,  available  after  July  1, 

1883 1,000  00 

Total  received  to  June  30,  1884 78.561  24 

Total  expended  from  April  21, 1883,  to  June  30,  1884. 

^^iitit  expended  for  labor  on  magazine  No.  2 |6,356  28 

j;j.?^^t  expended  for  new  material  on  magazine  No.  2 10,734  63 

2i**^*t«d  value  of  material  on  hand,  purchased  prior  to  April 
y  *  ^883,  and  used  after  that  date  in  construction  of  magazine 
^^^•2 ? 12,000  00 

^iJt  expended  for  incidentals,  magazine  No.  2 4, 790  26 

Ama*.  $33,881  17 

^m^  *^  «t  expended  for  labor  on  magazine  No.  3 5, 566  11 

j^j„^"*^t  expended  for  material  on  magazine  No.  3 •   503  14 

**  nt  expended  for  incidentals  on  magazine  No.  3 992  40 
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Amount  expended  for  labor  on  ^nard  and  engine-house 861 613  00 

Amount  expended  for  material  on  guard-bouse 2, 442  42 

Aii.ount  expended  for  incidentals  on  guard-bouse 1, 520  00 

110, 775  m 

Amount  expended  for  labor  on  stable 1,75^3  85 

Amoun t  expended  for  material  on  stable 917  68 

Amount  expended  for  incidentals  on  stable 43r>  10 

3,106f= 

Amount  expended  for  general  repairs  of  buildings 943  50 

Amount  expended  for  incidentals  in  general  repairs  of  buildings-        155  10 

1,098^ 

Amount  expended  on  roads,  drains,  grounds,  &c 12, 133  99 

Amount  expended  in  incidentals  on  roads,  drains,  grounds,  &c..     1,994  00 

14, 127  r 


June  30.  Amount  available  for  future  expenditure,  and  on  deposit  with  the 

assistant  treasurer  United  States  at  New  York 8, 509  • 

Total  accounted  for 76, 561  ^ 

Note. — "Incidental"  expenditures  under  each  head  is  a  pro  rata  distribution  — 
miscellaneous  expenses. 

MAGAZINE  NO.  2. 

Work  on  this  building,  which  hais  been  completed  during  the  ])re.sei- 
fiscal  year,  was  comnieiu^ed  ]May  1,  1883,  at  or  above  the  water-tabl 
Three  hundred  and  ninety-one  thousand  three  hundred  and  thirty  con 
nion  bricks,  20,045  hollow  bricks,  and  2,195  skew-backs  were  used  i 
the  building,  distributed  as  follows: 

Common  bricks: 

III  wallH 310, '>; 

In  wells ;'),!•* 

J 11  lloor  nrt^lu'H ..  74, 5»' 

Hollow  biickK  in  ctMliii*^  arcbcs 20,  (* 

Skew-backs  in  ceiling  arcbes 2,  L  ■ 

Five  hundred  and  twenty-two  sui)erhcial  feet  stone  were  cut  ai:i 
dressed  for  steps,  sills,  &c.     Two  hundred  and  seventy-six  barrels  (? 
nient  and  223  barrels  lime  were  consumed  in  making  mortar. 

The  structural  iron,  consisting  of  I  and  channel  beams,  tie-rods,  CCJ 
umns,  roof  trusses,  &c.,  was  furnished  under  contract  by  the  Passa 
Kolling-Mill  Company,  of  Paterson,  N.  J. 

The  two  fire-proof  wrought-iron  doors  and  eight  pairs  wrought-ird 
fire-fuoof  shutters,  with  frames  complete,  were  furnished  under  contra^ 
by  the  Althause  Iron  Company,  of  New  York.  The  same  company  ale 
furnished  the  corrugated  iron  roof  (12,369J  square  feet),  with  410  fe^ 
galvanized  iron  gutter,  99  feet  galvanized  iron  leader-pipe,  and  406  fe* 
galvanized  iron  drip-pipe,  the  whole  being  placed  on  the  magazine  l* 
this  company  and  painted  with  two  coats  of  Prince's  metallic  paint. 

This  method  of  roofing  was  recommended  by  my  predecessor,  as  wts 
as  by  the  Ordnance  Board,  and  approved  by  the  Department.  T^ 
thousand  four  hundred  feet  I -inch  diameter  galvanized  iron  wire  roj^ 
with  hemp  center,  and  weighing  li  pounds  per  foot,  were  used  for  ligl"" 
ning  conductors.  The  system  of  protection  and  method  of  attjichme  ' 
is  that  recommended  in  the  report  of  March  29,  1882,  of  the  Board  ^ 
Protection  of  Gunpowder  Magazines  from  Lightning.  (See  Annv^ 
Eei>ort  of  Chief  of  Ordnance  for  1882,  pp.  527  to  530.) 

For  the  interior  wood-w^ork  of  the  magazine  47,865  feet  of  lumb^ 
cimsisting  of  boards,  scantling,  and  joists,  were  used. 
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Referring  to  the  first  magazine  constructed  at  this  post  my  prede- 
cessor says : 

From  experience  so  far,  and  from  estimates  of  cost  of  different  plans  of  construc- 
tion, it  18  thought  best  to  reproduce  this  plau  in  all  respects  except  in  the  following 
minor  details,  viz:  to  have  no  cellar  room;  to  reduce  the  thickness  of  the  walls  by 
one  brick;  to  alter  the  construction  of  the  iron  doors  and  window-shutters,  and  in 
placing  the  buildings  hereafter  to  incline  them  more  towards  the  north  and  south  line, 
to  get  greater  benelit  from  the  sun's  rays  on  the  west  side  in  the  winter.  It  is  thought 
thatthe«e  changes,  together  with  the  greater  facilities  which  time  has  given  us,  will 
lesaen  the  cost  of  the  next  magazine,  notwithstanding  the  increase  in  cost  of  labor 
and  material. 

These  proposed  changes  have  all  been  realized  with  the  completion 
of  magazine  No.  2,  and  its  total  cost  has  not  exceeded  $44,633.66,  as 
against  J50,o79.99  for  magazine  No.  1. 

With  the  development  of  our  quarries,  opening  of  roads,  avenues, 
and  improved  accommodations  for  workmen,  it  is  expected  that  the 
cost  of  magazine  No.  3  will  be  even  less  than  the  foregoing  figures. 

For  details  and  specifications  relating  to  magazine  construction  at 
this  post,  see  accompanying  paper  marked  A. 


GUARD  AND  ENGINE  HOUSE. 

.    'Ihis  building,  which  has  been  completed  at  a  total  cost  of  $10,775, 
^  intended  to  serve  many  useful  ))urpo8es  at  this  post. 
.    The  plans  prepared  and  submitted  by  me  on  July  24, 1883,  are  on  file 
^^  the  War  Department. 

"^he  building  will  ultimately  be  used  as  a  post  guard  and  engine  house, 

^^d  for  that  reason  it  has  been  located  at  a  point  near  the  principal  gates 

^  approaches  from  Dover  and  Mount  Hope.     For  the  time  being  it  will 

^^^eas  a  general  headquarters  and  temporary  office  at  the  powder  depot, 

^  as  the  steam  fire-engine  house. 

'V^ork  on  this  building  was  commenced  about  the  middle  of  June,  1883, 

^^l  in  its  cotistruction  3,800  cubic  feet  of  earth  were  excavated  to  form 

***v,  and  2,400  cubic  feet  stone  masonry  laid  hi  foundation  waWs  \  4,bW 
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cubic  feet  of  quarried  stone  were  hauled  to  site  of  building  for  sub- 
foundation;  22,000  cubic  feet  of  earth  were  removed  from  front  of  aad. 
around  building  for  grading  site;  2,061  superficial  feet  stone  were  cat 
and  dressed  for  water-table,  belt,  window-sills,  coping,  battlements,  and 
steps;  68,150  common  bricks  and  18,600  pressed  bricks  were  laid  in  the 
walls,  requiring  62  barrels  lime  and  41  barrels  cement  for  mortar  for 
brick  and  stone  work.  A  tin  roof,  measuring  1,900  square  feet,  together 
with  the  necessary  gutter  and  lead  pipes,  were  put  on  the  building,  and 
the  whole  painted  with  two  coats  of  metallic  paiut. 

For  better  understanding  of  the  general  plan  and  details  reference 
can  be  had  to  the  drawings  before  referred  to  as  being  on  file  in  th  e 
War  Department,  and  to  the  bills  of  material  and  estimate  of  laboi 
hereto  appended,  and  marked  B. 

BARN  AND   STABLE. 

This  building  was  commenced  April  21, 1884,  in  accordance  with  plan* 
prepared  and  submitted  by  me  January  12,  1884,  and  now  on  file  in  th^ 
War  Department.  It  is  estimated  that  its  cost  will  not  exceed  $10,70C^ 
and  that  it  will  be  ready  for  occupation  by  the  first  of  November  of  th^ 
present  year. 

It  covers  a  large  area  of  ground,  and  will  meet  all  the  ^equire^len^^ 
of  the  post. 

Provision  is  made  for  a  hayloft  in  which  to  store  the  annual  crop  Ci 
hay,  and  is  so  placed  as  to  be  removed  from  the  animals  for  its  bette* 
preservation. 

A  much  needed -store-room  for  agricultural  tools  and  implements,  tc 
gether  with  carriage,  harness,  and  feed  rooms,  are  provided. 

A  large  southeast  court  or  stable  yard,  with  open  sheds  for  carts  an  < 
wagons,  is  placed  to  good  advantage,  whilst  adequate  accommodatioim 
for  the  maximum  number  of  animals  are  provided  in  the  wing  of  tl»- 
building. 

For  better  understanding  of  the  general  plan  and  details  reference 
can  be  had  to  the  drawings  before  referred  to  as  being  on  file  in  ilm 
War  Department,  and  to  the  bills  of  material  and  estimate  of  labo 
hereto  appended  and  marked  B.  ^ 

The  amount  of  work  done  on  the  barn  and  stable  to  June  30,  1884, 8 
as  follows : 

Ditch,  2  feet  by  2  feet  6  inches,  diif?  and  lined  with  stone hneal  feet..      2^ 

£arth  excavated  and  removed  from  foundation cubic  feet . .  3, 6CJ 

Mortar  masonry  bnilt  in  foundation do 4, 5^ 

Stone  cut  for  window  sills  -.square  feet . .      2^ 

Stone  cut  for  pier  caps do 1^ 

Stone  cut  for  belt do 86S 

Ten  barrels  cement  and  30  barrels  lime  were  used  in  mixing  morta ' 
for  masonry  foundation ;  4,580  cubic  feet  stone  were  carted  from  quany 
and  100,000  bricks  from  Port  I  >ram  to  building  site,  to  be  used  in  its 
construction. 

AVENUES,  ROADS,  AND  GROUNDS. 

MOUNT  HOPE   AVKNUE. 

In  accordance  with  plans  prepared  and  submitted  by  me  June  23. 
1883,  and  on  file  in  the  War  Department,  the  work  of  building  and 
grading  a  main  avenue  (on  which  will  be  located  many  of  the  a<Jcessor;y 
buildings  at  this  post)  has  been  rapidly  advanced  during  the  past  three 
moDths.    The  old  county  road  or  public  thoroughfare  is  very  irregulai 
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:      in  its  coarse  and  grade,  but  by  joiniDg  its  termiDal  points  and  raising 
the  bridge  at  the  brook  a  fine  avenue  will  be  developed. 

During  the  present  fiscal  year  the  following  work  has  been  done  on 
this  avenue :  135,600  cubic  feet  of  earth  and  stone  excavated  and  used 
for  grading  and  filling ;  1,896  cubic  feet  mortar  masonry  and  340  cubic 

I      feet  dry  masonry  for  bridge  piers,  culverts,  &c.,  have  been  built. 

MOUNT  PLEASANT  AVENUE. 

In  accordance  with  plans  submitted  January,  1884,  and  approved, 
this  new  avenue  ha«  been  commenced.  This,  together  with  Mount 
Hope  avenue,  will  constitute  the  two  axes  of  reference  in  the  location 
and  construction  of  all  new  accessory  buildings.  The  two  avenues  in- 
tersect at  right  angles  at  the  northeast  corner  of  the  guard-house. 
Moant  Pleasant  avenue,  starting  at  the  main  or  Dover  entrance,  is  to 
be  carried  to  the  upper  end  of  the  magazine  sites — that  is,  to  the  lake  or 
water-power  dam.  In  time  permanent  workshops  will  be  located  at 
this  point,  to  replace  the  temporarj^  buildings  now  in  use. 

The  avenue,  when  completed,  will  be  60  feet  in  width,  with  sidewalks 
and  shade  trees,  for  a  length  of  5,483  feet,  being  similar  in  all  respects 
to  Mount  Hope  avenue. 

It  is  further  contemplated  to  build  a  good  drive- way  from  the  termi- 
nus of  Mount  Pleasant  avenue  around  the  lake  (and  leading  to  the 
stone-quarries),  a  distance  of  two  miles. 

'fte  following  work  has  been  done  during  the  fiscal  year  on  this  ave- 
iioe:  54,000  cubic  feet  earth  excavated  and  used  for  grading  and  filling 
foadbed;  4,100  cubic  feet  dry  masonry  and  426  cubic  feet  mortar 
fflasonrv  built  for  bridges,  culverts,  and  side  walls. 

MOUNT  PLEASANT   ROAD. 

4^  ^^®  ^^io.  or  Dover  entrance  we  strike  the  Mount  Pleasant  road, 
J^Wch  leads  to  Dover  and  to  the  freight  depot  at  Port  Oram.  It  has 
^n  necessary  during  the  past  year  to  expend  much  labor  on  this  road, 
*Dd  at  a  point  700  feet  from  the  Union  turnpike,  and  one  and*  a  quar- 
^r  miles  from  the  powder  depot,  to  leave  the  old  road  and  cross  the 
J*vine  and  stream  by  a  short  cut,  thereby  avoiding  a  steep  ascent  and 
^^nt  over  the  intervening  ridge. 

Tbe  following  work  on  this  road  has  been  done  during  the  fiscal 
y^r:  162,300  cubic  feet  earth  and  stone  excavated  and  used  for  filling 
*?^  grading  road-bed ;  2,020  cubic  feet  mortar  masonry  built  in  bridge 
P^^,  and  20,420  cubic  feet  dry  masonry  built  in  side  walls  of  road. 

GROUNDS. 

^°  breaking  down,  cultivating  and  improving  the  land,  the  following 
^^p  has  been  harvested : 

0^/  ^Qt,  stacked,  and  stored tons. .  61 

DT-tde  acres) bushels..  530 

(jT^^heat  (10  acres) bushels..  134 

8o^<5om .bushels..  600 

y     *iid moldy  com bushels..  451 

ci?*^^  crop,  about $1,500 

^^  Of  labor,  Ac 1,000 

Gain 500 

H^f^tiwher  of  public  animals  foraged  for  the  year: 

^nu!^ ^ 

<"".r-;;;.;:-..;:;.:-.;/;/;;;/;-;;.;.v:;;;;;;:;;:::;:- 
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DRAINS. 

Three  hundred  and  fifty  lineal  feet  of  ditch  and  drain  were  dug, 
requiring  the  excavation  of  16,300  cubic  feet  of  earth  ;  6,660  cubic  feet 
of  dry  masonry  were  built  in  the  side  walls. 

RAILROAD. 

Active  measures  have  been  taken  during  the  past  year  to  develop  the 
intention  of  the  Philadelphia  and  Heading  Railroad  Company,  this  road 
having  acquired  control  of  the  Central  Railroad  of  New  Jersey,  in  the 
matter  of  constructing  a  branch  road  from  the  main  line  to  the  United 
States  Powder  Depot.  . 

It  appears,  however,  that  but  little  dependence  can  be  placed  upon  a 
private  enterprise  of  this  kind,  where  the  returns  will  not  justify  the 
outlay ;  and,  unfortunately  for  us,  the  reasons  which  induced  the  Cen- 
tral Railroad  Company  of  New  Jersey  to  accept  the  right  of  way  through 
the  Powder  Depot  tract  no  longer  exist.  » 

In  a  letter  dated  September  22,  1882,  H.  S.  Little,  president  Central 
Railroad  Company  of  New  Jersey,  waives  all  right  the  comxiany  may 
have  acquired  by  the  act  of  Congress  approved  July  31, 1882,  published 
in  General  Orders  No.  110,  Adjutant-General's  Office,  of  that  year. 

The  im])ortance  and  necessity  of  having  a  branch  railroad  from  Port 
Oram  (the  junction  of  the  Delaware,  Lackawanna  and  Wcvstern  Rail- 
road and  Central  Railroad  of  New  Jersev)  to  the  [Jnited  States  Powder 
Depot,  a  distance  of  3  miles,  is  so  evident,  that  I  am  satistied  the  De- 
partment will  secure  the  necessary  legislation  for  this  purpose  when 
the  constrnction  of  this  post  has  sullliciently  far  advanced. 

estimatp:. 

My  annual  estimate  acconi panics  this  report. 

Respectfully  submitted. 

J.  P.  FARLEY, 
Major  of  Ordnance^  Gommandhuj, 


A. 

DETAILS  OF  MAGAZINE  C0N8TRUCTT0N  AT  THE  UNITED  STATES  POWDER  DEPOT. 

NEW  JERSEY. 

1.  Application  of  empirical  fobmulje. 

2.  Bill  op  iron  with  remarks  thereon. 

3.  Specifications  for  galvanizbd-iron  roof. 

4.  Bill  of  lumber. 

5.  Bill  of  stone,  bricks,  lime,  and  cement. 

6.  Vertical  mbasukkments  of  magazine  no.  2. 

7.  Horizontal  mkabuhemknts  op  magazine  nos.  2  and  3. 

8.  Description  of  lightning-rods. 

RespectfiiUv  submitted. 

J.  P.  FARLEY, 
Major  Ordnance^  Commanding, 


1.  AppliGntion  of  empirical  formula', 
(From  Trautwiue  &  Carnegie's  tables.) 

The  weight  of  building  and  contents  not  to  exceed  6,000  pounds  per  square  foot, 
ou  foundation  and  piers. 
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The  maximiim  load  on  floor  beams,  length  between  supports  10  feet,  will  not  ex- 
ceed 33,572  pounds,  about  410  pounds  per  square  foot,  as  follows: 

PouDds. 

Powder  in  barrels  (seven  tiers ;  probably  will  not  exceed  12,875  pounds) 28, 000 

SoHd  brick  arch 4,700 

Kloor  joist 512 

Flooring 360 

Total 33,572 

The  12.25-tncA  tvrought'iron  floor  beam. 

(A)...    J  Center  breaking  ^  _  ^J< /)*«  X  2500     JcXfg  X2500      .^,rr.,^„... 
I  weight  S~  L       ~       ~  ^L  t  vv  ^irauiwine; 

L   =10  feet 

W  =  416  pounds 

a6  =  4".79 

rc=2".155 
/b  =  10''.875 
(Se©  Fig.  2,  Plate  II.) 

S  Center  breaking  )      4".79  X  12:^j*  X  25002      'M55  x  UTbTS'  X  2500  X  2     ^^^       ^  _ 
I  weight  \  = 10      ^10 -208=52192 


» 


log    4.79    =    .680336  log    2.155  =   .333447 

logl2.25«   =2.176272  log  10.875«  =  2.072860 

log   2500.  =3.397940  log    2500.  =3.397940 

6.254548  log  2=   .301030 

log  10=1  6.105277 

5.254548  =  179700  log  10  =  1 

5.105277=127400 

179700  — 1^7400  =  52300 
52300  —  208       =52192 

Center  breaking  weight         =  52192 

Distributed  breaking  weight  =  104:384 

„     .      ^-     -  .  104384       «  4 

factor  of  safety  =___=3_ 

The  factor  of  safety  is  based  upon  a  maximum  load  of  powder  and  barrels,  28,000 
pounds.  The  contemplated  load  of  powder  for  storage  of  10,000  barrels  in  each  mag- 
azine will  probably  not  exceed  12,875  pounds. 

Defleotion  of  12.25-tfi^  wrought-iron  beam  under  maximum  load, 

3 


10  X  33572  max.  load      __/,  j^ 

70X12725X37820  safe  load 


Also  by  Trautwine — 


.013X33572X(10X12)»  ^..  ^^ 
*i6000000x271 

Mod.  elwitic        Mom.  inrrti* 

log  .013         =  2.113943 

log  33572      =  4.525976 

log    i20*       =  6.237543 

8.877462 
log  26000000=7.414973 
log  271  =2.432969 


9.847942 

~ ~— "  107 

1.029520 
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The  moment  of  inertia  (neutral  axis  perpendicular  to  web)=271 

(C^  ^^^  -  —  =  4.79  XT2.25''      (2.l^b)  X2x(10.875)»_yy^ 

^^^     '     '     '      12         12  12  ^  12 

(SeeFig.  2,  Platan.) 

< ^ — >  log    4.79     =  .680336 

log  l2.25^  =3.264408 


Is** 


^ 


3.944744 


;    I  log    12       =1.079181 

I  ^  2.865563=733.7 

»    I  log    2.155  =    333447 

4'  I  log  io:ef75'=3.109290 

T  lo?       o        =    301030 


I    i 
'    I 
I 


y^ 


log      2       =    301030 

3.743767 
log      12    =1.079181 


2.664586=461.9=271 


WOOD  FLOOR  JOIST. 


Liength  between  supports  ^  8  feet. 
Load  on  each  Joist  =  3836  pounds. 

Centre  breaking  weight    =  g^X^X^^Q  =14400  pounds. 

o 

Distributed  breaking  weight  =  2  X  14400  =  28600  pounds. 

28800 
Factor  of  safety  =  "3^5"  =  7i 

(B) Deflection  =(i^->< -625)  >1?J1^???^=. 191* 

4X8» 

or  deflection  =  W.X(depth  ininche8)ax  .013  __  3836  X  (8  X 12  )»  X  .013 _  jg 

mod.  elas.  X  mom.  of  inertia  1600000  x  170 

4  X  8^ 

— !^- — =  moment  of  inertia  =170 

log  3836       =        3, 583879 
log     96'     =        5.946813 

log .  013       =        ?.  113943 


log  1600000  =  6. 204120 
log  107         =2.230449 


7.644635 


8. 434569 


1. 210066= M6 
Wroaght'iron  10. 5  inches  ceiling  beam. 


Length  between  supports  =  23^ .  16 

W  =  866     pounds 

ab  =  4".5 

bh=  10".  5 

fc  =  2".  0625 

fg=  9" 

See  Fig.  1,  Plate  II. 
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4. 5  X  10.  ,V  X  2500       '2, 0625  x9«  X  2500  X  2 


Center  bi-eakiug  weight  = 


2;i.  It)  '^3. 16 


log    4.5   =    .653213  log  2. 0625=   .314394 

log  10. 52  =  2. 042378  log     9^      =  1. 9084«5 

log  2500.  =  3. 397940  log    2500.  =  3. 397940 

log  2    =  .301030 

.  6.093531  =  1240300        •    

5. 921849  =  835310 

1240300  —  835310  =404990 
404990 


23.16 


=  17486  =  center  breaking  weight. 


Distributed  breaking  weight  =  17486  X  2  —  866  =  34102. 

oA\  no 
Factor  of  safety— ^----=  4  nearly. 

8352 

•etuml load, 

Deflection  for  a  Ught  10.5  inches  beam. 

Deflection  =  :21?-X  8:^^  X  (23. 2  X  12)» 
26000000  X  173. 8 

log  013    =2.113943 

log  8352    =3.921790 

log  (2.3.2X12)3=7.334007 

9. 369740 

log  26000000=7.414973 
log  173.8       =2.240050 

9J655025 

1.714715  =  .  5184 

With  a  light  arch  of  hollow  brick  (6'^  instead  of  10^'  brick)  the  weight  per  sqaaro 
loot  rednces  to  32  pounds  X  23i  X  8=:  5952  pounds  :  about  .48  safe  load. 

rru   A  a     ^'      ^^.  .  013  X  5952  X  (23. 25  X  12)» 

The  deflection  then  = — 


26000000  X  173. 8 


log  .013=2.113943 
log  5952  =  3.774663 
log  2798=7.336812 

9. 225418 
log.  26000000  X  173. 8  =  9. 655025 


1. 570393=.  "3718  =-L  span  nearly. 

Cast-iron  columns, 
Ckndon's  formula  for  cast-iron  columns  gives  (see  Fig.  1,  Plate  II). 

Cmahing  weight =5?t'^L*J^*  X80000^12518x  80000 ^^^^^ 
g        K  ^      (length  in  inches)*  -    .  (164.4)« 

"^     3200x(diam.)«        "^    3200  X- 
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Actnal  weight  on  each  column  =  9133  ponnds. 

,,     ,        r      r  i.         4*20950       .-  1 

Factor  of  safety  =  =  47  nearly. 

•7  L>>o 


log  (164.4)^ 

=  4.431804 

log 

3200  X  '  '=  19600  =  4. 29225G 
*   ^           .139548 

=  1.379 
2. 379 

12518  X  80000 
.  2. 379 

log  12518 

log  80000: 

log  2.379: 

=  1.097533 
—  4.903090 

6. 000623 
—  376394 

5.624229  =  420950 

On  page  224,  Trnutwine,  is  a  table  of  strength  of  cast-iron  pillars,  showing  for  6 
inches  diameter,  i  inch  thick,  and  14  feet  long  (near  enough)  a  breaking  load  of  1C4 
tons  =  20,800  pounds. 

'';.The  ends  of » he  columns  are  fixed,  and  with  the  load,  9,133  pounds,  the  factorof  safety 
is  22.7.  This  factor  of  safety  covers  defects  in  quality  of  material  and  in  workman- 
ship. For  a  small  casting  of  size  easy  to  work  and  ocupying  an  unimportant  position, 
factor  of  safety  =:  3  would  be  ample ;  but  considering  the  danger  that  wonld  result 
from  weakness  in  any  one  column,  and  the  difficulty  of  centering  and  of  drawing  so 
long  a  core  from  a  thin  column,  as  well  as  of  detecting  defects  that  may  exist,  the  fac* 
tor  of  safety  should  not  be  less  than  22.7.  The  7-inch  column  with  a  factor  of  safety 
of  47,  however,  appears  in  better  proportion  for  the  large  area  supported. 

ARCH  TIE-HODS. 

The  lateral  thrust  of  ceiling  arch  per  lineal  foot  =  t  cos  «  =  o^  =  308  pounds. 

W  =  i  weight  of  lineal  foot  of  arch  =  128  pounds 
^  8=-i.  span  of  arch  =  4' 

h  =  rise  of  arch  =  '.83 


W  128 


=  11°  45 


/ 


*  — 2  sin  a  —2  X  .2036418  ~  ^^^ 
V2S  X  4 

«C08a=   2-X7.83  =^^® 

'  308  pounds  X  47  =  14476  pounds. 

With  6  rods,  each  rod  carries 

1447?  ^2412  pounds 

Tenacity  f"  rod  =  50000  X  .441=22050. 

Factor  of  safety  =  ^?^  =9.14. 

2412 

With  9  rods  (heretofore  nsed)  factor  of  safety  =  .^T.^-^  =13.7. 

160o, 7 

'  The  tie-rods  for  ceiling  arches  secure  rigidity  of  beams  while  the  several  arches  aro 
being  placed,  and  sine**  the  thrusts  neutralize  each  other  when  the  arches  are  all  in, 
clamps  might  be  used  and  taken  off  w^hen  all  the  arches  are  set. 

The  arches,  however,  cannot  be  trusted  to  neutralize  each  other  when  set  in  a  mag- 
azine, nor  is  the  end  wall  weighty  enough  to  withstand  the  thrust  of  the  end  aron 
should  the  rods  be  omitted. 
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(See  section  on  A-B  and  A'-B%  Plate  II.) 

'Withoat  tie-rods  or  abntinents  the  moment  of  instability  with  reference  to  th« 
upper  plane  of  water-table  and  due  to  the  thrust  of  the  end  arch  =  308  X  47  X  15  = 
217140  ^  (moment  of  instability). 

The  negative  weight  of  air  space,  window  space,  and  panels  is  offset  by  positir* 
'freight  of  gable  end  and  roof.    Hence  the 

L.A. 
Moment  of  stability  =  100  x  47  X  15  X  2  x  1  =  141000. 
This  assumes  a  solid  2-foot  wall,  15  feet  high  and  47  feet  long,  and  shows  insecurity 

witbontroda  or  abntment«,  ^*^^— =  —- 

ABUTMENTS.      * 

With  an  abutment  3  feet  on  base,  2  feet  thick,  gradually  tapering  to  a  height  of  11 
leet,  and  placed  at  intervals  of  12  feet  on  the  wall,  wc  have  section  on  A-B,  Plate  II. 

C  0,  center  of  gravity  of  semi-arch,  who3e  weight  is  128  pounds — ^lever  arm  £-D 
=  1'  11^'. 
A,  center  of  horizontal  pressure— lever  arm  0-E  =  6^''. 
Area  of  sectional  wall,  15'  X  2  =  30'. 
Weight  per  lineal  foot  of  wall  =  100  X  30  =  3000. 
H  O  =  <^enterof  gravity  of  sectional  gravity  of  sectional  wall,  excluding  gable  loof, 

windows,  &c. 
I    A  ^  center  of  gravity  of  buttress. 
G  A  =  center  of  gravity  of  buttress  and  section  wall. 
Bnttress  2  feet  thick,  12  feet  apart. 

Weight  of  12  feet  length  of  wall  and  arch  (12H  X  3000)  X  12  =  37536. 
Weight  of  12  feet  length  of  wall  and  arch  and  buttress  =  39736. 
Weight  centered  at  G  A  =  39736. 
Lever  arm  M  N  =  3.75. 

Moment  of  stability      =  1)9736  X  3.75  =  149010. 

Horizontal  thrust  at  O  =(^0«    X  12)  =     :i696. 
Lever  arm  ON  =        15'. 

Moment  of  instability  =  55340. 

Tie-rods  serve  better  purpose  than  abutments. 

ROOF  TRUSS. 

(See  Fig.  1,  Plate  III.) 

Weight  per  square  foot  of  truss,  corrugated  iron,  wind  and  snow,  is  taken  at  41410 
pounds.        ' 
Slope  of  roof,  about  30^. 

Total  length  of  roof,  205';  width  of  span,  47'.9. 
Distance  between  each  truss,  10'  (except  at  ends). 
Total  number  of  trusses,  19. 

Total  mean  length  or  middle  length  of  rafter,  28'. 82. 

Weight  on  each  span  between  strut8=7'.2  X  10'  X  41.43  pounds  =  3000  pomnds. 
ToUu  weight =24000  pounds  on  each  truss. 

2  W  =  weight  of  rafter  and  load  =  24000  pounds 

W  at  C  =  12000  pounds 

i  W  at  A  and  A'  =  6000  pounds 

;  =  AC  =  28'.82 

<  ^       yL-^  =  12000 
'      2  sin  3UO 

<  sin  300=   6000 

t=Ji99^  =12000 
sin  30O 

(  COS  30°  =  thrust  on  middle  tie  GG  =  12000  x  866  =  10391 

10400  pounds  (nearly) 

6191  OBD 7 
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This  would  also  eqnal  the  thrust  on  the  whole  tie,  if  no  struts  were  employed. 
Actual  strength  of  tied  rod  GG'  (H")  by  experiment  =  (U360. 

The  perpendicular  and  parallel  components  of  the  3000  pounds  weight  on  each  sec- 
tion of  rafter  between  struts =3000  cos  30^  and  3000  cos  60°,  respectively,  =2G00 
pounds  and  1500  pounds. 

The  strut  BG  carries  5200  pounds  and  transfers  this  extra  strain  to  rod  FG  =  (10400 
-1-5200)  pounds,  and  5200  pounds  to  rod  EH. 

The  rod  FG,  or  secondary  end  tie,  being  double,  each  rod  is  under  strain 

10400  -f-  5200  _  15600  ^^g^Q 
2  2 

The  tenacity  of  these  I"  rods  =  39270  pounds: 

M=5»=.5(nearly) 

The  strut  DF  carries  2600  pounds,  and  transfers  this  extra  strain  to  rod  FA  =  (1O40O 
-f  5200-f  2600)  pounds,  and  2600  pounds  to  rod  FB. 
The  rod  FA,  or  **end  tie,"  being  double,  each  rod  is  under  strain 

10400-f-5200-f-g600  ^  18200  ^  q.  ^^ 
2  2 

.  The  tenacity  of  these  1^"  rods  =  49701  pounds: 

^      49701       -/         IX 
^=9100=^<"^*"^y) 

The  rod  HC  is  a  single  "  peak  tie,"  and  carries  5200  -f-  2600  =  7800  pounds. 
Tensile  strength  (1'')  =  39270 

The  secondary  strut  ties  BH  and  BF  each  receive  a  strain  of  2600  ponnds. 
Tenacity  off"  rod  =  15340. 

T^      15:^40      «,         ,   V 
^=2600=^(''^*'^y> 

RAFTER. 

Rafter  AC  is  a  strut  as  well  as  beam.     (See  Formula  A.) 

Center  breaking  weight  =  ^-^^  ^^^  -  2  ( U  X  5:09«  X  2500) 

^        *  7.24  7.24 

log        3  =    .477121  log      2X11  =  2.75=   .439333 

log        6«  =  1.556302  log      5.09^  =1.413436 

log  2500  =  3.597940  log     2500  =  3.397940 

5.431363  5.250709 

log    7.24=   .859739  log     7.24  .859739 

4.571624  =  37292  4.390970  =  24602 

37292  —  24602  =  12690x2=25380 
Actual  load  2600. 
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T.,      25380      u  ,„^«^i^x 

DeflectioD  =  ^ ^'^ -)'  = .  125  with  safe  load 
70x6 

or.  .125X^^^  =  .037  with  actual  load 

8646  « 

or    -0^3X2600 X  (7.24  X  12)«  ^,,  ^,3^ 
'  26000000X23.5 

Moment  of 
inertia. 

log    •       .013=  2.113943 

log  260U=  3.414973 

log  7.24=  .859739 

log  12=  1.079181 

log  7.24  =  .859739 

log  U=  1.079181 

log  7.:£A  =  .859739 

log  12=  1.079181 

7.345676 
.log  26000000  =  7.414973 
log  23.5  =  1.371068   8.766041 

2.559635  =,03687 
Tb«  moment  of  inertia;  23.7,  comes  from 

hh^    bH^^  3x63__2.75x(5.q9)3 ^  23  7 
12  "'12"  12  12 

-^^  =  54    log    2.75=  .439335 

log  (5.09)3 =2.120154 

2.559487 
log        12=  1.079181 


1.480306  =  30221 
54  —  30.221  =  23.779 


(See  previons  fcrmala,  C.) 


AS  A  8TKUT. 


The  first  qnarter  section  C  E  is  under  compression  of  the  weight  at  the  peak  12000 
ponnde  plus  the  several  parallel  (to  rafter)  compouents  of  the  strain  on  tie-rods  due 
to  the  atrate  BO,  EH,  and  BF. 

12000 -f  («-+- y  +  «^)  =  12000  +  4500  =  16500 
The  next  quarter  section  16500  + 1500  =  18000 
The  next  qnarter  section  18000  + 1500  =  19500 
The  next  quarter  section  19500  -j- 1500  =  21000 

CARNEGIE'S  TABLES. 

1=2.9;  Z  =  7^24, length  hetween  struts;  r  =  radius  gyration  neutral  axis  perpen- 
dienlar  to  web. 


V moment  of  inertia  __     /23.5 ,  ^        /p-i^n  *.  __  o  .i«        x 
ir^ =V4T''  =  ^5-73  r  =  2.46       - 


""2l6~   '^ 


Carnegie  page  79,  gives  (for  2.9)  pin  (37310  — 170)  =  37140 ;  37140  pounds  =ie&iftt- 
mce  per  sqnare  inch  of  area ;  37140  x  4,)  =  152270= total  resistance. 
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Allow  for  strain  as  beam  and  take  total  resistance  at  132270. 

M=132270=«3 

21U0U 

With  no  allowance  M  =  i?^^i  =  7.25 

The  center  breaking  weight  of  4-inch  purlins  (see  Formula  A) 

2i  X  4«  X  2500     2  {jIj  X  C3.45)«  X  2oOU 


10  10 

2i  X  4«  X  2500 


=  2770 


10 


=  9000 


log  2(1  A)  =  .320924 
log  3.453  =  1. 075638 
log  2500       =  3. 397940 


log  10 


4. 794502 
=  1 


3.  794502  =  6230 
9000  —  6230  =  2770 
Load  on  purlins  distributed  will  not  exceed 

10X2.5X41  =  1025;  M=^X2770  =  5.4 

A  -     ^\^ 

COUPRESSION  ON  STRUTS. 


OA=^/2U.3^  =  4.5 


J  '^f 


tk. 


Main  strut  B  G 


— -&- ' 


L— 


l\. 


4.25X80000  ^^g,^ 


10000 


(  3200X20.25^ 

V      -^4      y 

log.    4.25=   .628389 
log.  80000  =  4.903090 

5.531479=340000 
log.  10000  =  4 

log.        24  =  1.380211 
5.3aU:ili 
log.    3200=  3.50.5150 

log.  20.25=  1.306425 

4.811575 


568630=3.704  +  1  =  4.704 


340000 
4.704 


=72282 


M  =?????=  13 
5200 


OA=Vtt.-«&=^"-^ 
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In  like  manner  for  strata  DF  and  EH  we  have : 

2.25  X  80000 
2500 
1  _|_  /'siiOO  X  6.25^ 

^^45000^17 
2600 

The  strength  of  the  wrougbt-iron  bolts  used  is  sbown  in  the  following  colnmns. 

The  Factor  of  Safety  is  calculated  upon  the  supposition  that  the  transverse  strain 
is  applied  at  a  distance  of  1  inch  from  the  surface  entered,  the  bolts  being  supported 
a4  bat  one  end. 

iyx2500  X  .589  H-  4  =  transverse  strength. 

BoltSj  wrouffht-iron. 
(Strain  one  Inch  from  sarface  entered.) 


Diameter. 


^aSSS^T"!  T-«cit,. 


Inches 

S 

S 

11 

s 

It 

1 

1 


35340 

35340 

23676 

3534U 

23676 

4416 

4416 

1804 

1864 

552 

552 

1080 

1KR4 

1864 

1861 

232 

232 

1080 

35340 


157080 

157080 

120265 

157080 

120265 

39270 

39270 

28090 

22090 

9818 

9818 

15340 

22090 

22090 

22090 

6528 

5528 

15340 

15340 


Actual 
strain. 


t  ^*}^* 

7800 

f 1I|0O 

7800 
2600 
2600 
1932 
:932 
J  276 
:276 
:540 
♦932 
:932 
t932 

:ii6 
:ii6 

♦540 
21000 


Factor  of 
safety.* 


4.5 

4. 

8. 

4. 

3. 

1.6 

1.6 

2. 

2. 

2. 

2. 

2. 

2. 

2. 

2. 

2. 

2. 

2. 

1.7 


*  Wken  the  strain  Is  distribated  tbe  actual  factor  of  satetj  will  be  double  the  factor  in  last  column, 
t  Doable  rod. 

strain. 


2.  Bin  of  iron  for  a  magazine  building, 

(From  the  post  records.) 

I  BEAMS. 


Deptli. 

Flanso* 

Web. 

Pounds 
per  yard. 

No. 

Length. 

Im£k0t. 

Indies. 

Inches. 

/              It 

IS.  25 

4.79 

.48 

125 

48 

24           0 

16LS 

4.5 

.375 

105 

48 

24            9. 

& 

3. 

.25 

40 

38 

C     •28          11. 09 
}      t28           7..')9 

4. 

3.25 

.15625 

18 

186 

20             .55 

4. 

2.35 

.15625 

18 

24 

20           9. 

4. 

3.25 

.15625 

18 

20 

10           9. 

Use. 


Floor  beams  . 
Ceiling  beams 

Rafters 

Roof  purlins  . 

'V/.V.do  '.'.'/.'.'. 


Tot«l 
weight. 


Pounds. 
48,000 
41,580 

14,640 

22.394 
2.988 
1.290 


•Top. 


t  Bottom. 


[  BEAMS. 


/ 

l&S 

S. 

.375 

87.5 

4 

24 

!«.§ 

1.5 

.3126 

70. 

4 

24 

End  floor  beams. .. 
End  ceilhig  beams 


2.800 
2,140 
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2.  Bill  of  iron  for  a  mageugine  building — Continued. 


FLAT  BAHS. 


Size. 


// 


// 


I  by  3 
I  by  2 
Iby2i 
*by3 
J  by  7 
|by3 

ibyli 


PonncU 
per  yard. 

No. 

Length. 

/       // 

18i 

48 

2        0 

12i 

104 

1        4 

18i 

8 

lOi 

15 

100 

8 

17i 

1 

13        6 

n 

836 

2| 

H 

209 

H 

Use. 


Colamn  clamps 

Beam  anchors  

Channel-baam  clamps 

Bent  <  for  colamn  stay  angles  — 
Cut  to  pattet-ns  for  38  peak  splices 
Purlin  clamps,  cut  to  patterns  — 
To  connect  purlin  ends 


TotJd 


a 


7t 
4M 
IM 


ROUND  BARS. 


(1.  For  roof-truss  ties,  with  ends  of  flat  iron.) 


Diameter. 

Pounds 
per  yard. 

No, 

Length. 

// 

1       II 

u 

10 

76 

8    6.96 

1 

8 

76 

8    6.96 

1 

8 

88 

16    7.54 

u 

124 

19 

17    6.16 

1 

3tV 

76 

8    6.21 

a 

25 

7  11.65 

Use. 


End  ties 

Intermediate  ties 

P<>ak  ties 

Middle  ties,  with  right  and  left  nut 

Secondary  ties 

Column  stays 


ir«ij^l 


1.7» 
1,68» 
1.W 


(2.  With  nuts  and  heads  as  Stays.) 


1 
1 


I 


/    II 

8 

138 

8    3 

8 

12 

7    H 

4.5 

200 

8    3 

6 

36 

10    2| 
10    2} 

6 

4 

Floor-beam  tie-rods 

End  floor-beam  tie- rods 

Ceiling-beam  tie-rods   

Roof-truss  stays 

End  roof- truss  stays  (with  foot) 


a,oM 


S.479 
73f 


ANGLES. 


Size. 

Pounds 
per  yard. 

No. 

Length. 

Inehes. 
2-f2byi(60) 
2+2  by  i  (60) 

m 

2 

8 

/       // 

20      .65 
20      .55 

Peak  stays  (with  foot) 
do 


Total 
weighl 


P#1MMb. 
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TWO  ATTIC  WINDOWS. 
(Frame,  cast  iron.) 


Plates 

Angles 

Angles 

Channel 

Channel 

Hiuges 

Thumb  screw. 


iliZi" 


diameter. 


Size. 


VM:l"Xjft",  22J"  long 

;T"-fl"XaV  211  long 

1"  deep,  j"  flaugtj.  y*/'  web.  43"  long 
1"  deep  I"  flange,  j\"  web,  21"  long 

19"X2"Xg" 

i"  diameter,  8''  long  over  all 


Total 
weight. 


1S5 
7.1 

14.11 

7 

7 
15 

S 


EEPORT  OF  THE  CHIEF  OF  ORDNANCE. 


lOS 


2.  Bill  of  iron  for  a  magazine  building — Continaed. 
WROUGHT-IRON  BOLTS. 


Place. 


Anchor  pins , 

Base  mnin  atmt 

Base  first  strut 

Base  third  strut 

Shoe 

Peak  tie 

Top  of  main  strut 

Top  of  first  and  third  struts 

Peak  splice 

Column  stay — 

Peak  stay 

End  peak  stay , 

End  rafter  stay 

Beam  anchor 

Channel  beam  clamp 

Column  clamps 

Purlin  clamp  to  rafter,  beveled  heads 
Purlin  clamp  to  end,  straight  heads. . 

Purlin  bolts,  end  section 

Shoe  dowels 

6  rating  boU4i 


Weight. 


Pounds, 

2f 

57§ 

558 

83f 

60t 

8M 

111 

181 

48 

61 

21 

8 

5 

168 

14 

84 

M 

47 

188 

660 

4 


-*  *  Dowel. 
WROUGHTIKON  WASHERS. 


Bolt  diameter. 


Jndut. 

Senren-eitfhths.. 
ThTc«-fonnhs.. 
One-half 


Round 

do 

1  inch  square,  i  to  i  inch  bevel 


Kmnber. 


76 

320 

66 


Weight 


Founds. 
18 
60 
4 


CASTINGS. 


A.itie  window  frame  . . . 

Colnmns 

Colnmn  cape 

Bafier  shoes 

Main  stmts 

Secondary  strata 

Shoe  washers     

Stmt  and  peak  washers 

Ventilator  doors |  16 

'Ventilator  door  frames [  16 

Vent ilatar  frames  8 


2 
24 

24 
38 
38 
7« 
76 
304 


Ventilator  gratings 


8 


Diameter,  49J" ;  d.  4i" 

Diameter,  7" ;  L  13  ft.  8.4"  X  th  |" 

h4"  X  14"  X  W  9" 

hlOf"  X  12i"  X  W12" 

L  8' 5.96"  X  H"+  Xi"th 

L  4' 5.48"  X  24"  +  X  ^' th 

L7"  X  W  51"  X  U"th. 

L4"  X  W  5g"  X  li"  th 

L  18V'  X  W  34"  X  i"th 

L  19"  X  W  4"  X  4i"  th  

L  184"  X  W  14"  X  H"  th 

L184"  X  W12"  X  l"th 


Founds. 

158 

12,864 

1,272 

2.46f 

5,548 

8,192 

838 

1,824 

88 

400 

288 

200 


RECAPITULATION. 


l^« 

JUtbm 

S'^'odbsrs.... 
f««?dbars  ... 

^Woiriadows. 


Total I     llft,l«8 


^Uthe 


Weight. 


Founds. 

130.  fOS 

4.SMf 

2,268 

8,018 

6,579 

626 

177 

4,094 

67 

29.114 


weigbts  here  j^rea  sre  estlaiHted. 
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TWO  DOOR-FRAMB8. 

Inside  measurement,  4  feet  wide;  8  feet  maximum,  7  feet  8  inches  minimum  height. 
Side  angle  tbree-eighths  inch  iron,  3  by  4  inches;  7  feet  8  inches  height. 
Iron  door-frames  three-eighth  inch  thick  by  4  inches  wide. 

TWO  DOORS. 

S-inch  iron,  one-half-inch  thick,  covered  wiih  sheet-iron. 

EIGHT  WINDOW-FRAMES. 

Inside  measurement.  4  feet  wide ;  7  feet  maximum,  6  feet  8  inches  mininiam  height. 
Side  angle  three-eighths  inch  irons,  3  by  4  inches;  6  feet  8  inches  height. 

SIXTEEN  SHUTTERS,  TWO  FOR  EACH  WINDOW. 

Frame  !!2  by  ^  inch  iron  covered  outside  with  sheet  iron  ;  inside  with  corrugated  iron ; 
two  bolts  and  one  on  bar  each  window. 

OALVANIZED-IRON  ROOF. 

12,369^  square  feet  galvanized  iron,  corrugated.  No.  20  gauge,  roofing. 
410  feet  galvanized  iron,  No.  20  gauge,  gutter. 
99  feet  galvanized  iron,  No.  20  gauge,  leader-pipe. 
406  feet  galvanized  iron.  No.  20  gauge,  drip-pipe. 

LIGHTNING-ROD  ATTACHMENTS. 


Weight. 


Oast-iron  pipes  and  caps 

Clamps  for  ridge  roll  ( wroagh t-irou) 

ftas-nipe : 

Crosses  or  double  tees 

Tees 

Glided  points sets. 

Wrongnt-iron  straps  with  tap  bolts  and  staples : 

For  attic  window 

Fur  left  jamb  of  door 25.  S39 

For  windows 


The  lightning-rod  attachments  are  made  to  pattern  from  drawings. 

REMARKS  ON  THE  FOREGOING  BILL  OF  IRON. 

All  of  the  iron  is  of  the  best  quality  UHually  manufactured  by  leading  iron  manu- 
facturers for  building  purposes,  and  according  to  shapes  and  dimensions  shown  and 
given  in  drawings  and  bill  of  iron  furnished  contractors. 

The  wrought  iron  stands  a  teusile  strain  of  50,000  pounds  (see  record  of  te8t«)  per 
square  inch,  and  stretchos  15  per  centum  of  its  original  length  before  breaking.  It 
does  not  undergo  appreciable  permanent  elongation  uuder  a  ]ess  strain  than  25,000 
pounds  per  square  inch,  and  shows  the  characteristics  of  good  iron  when  bent  cold 
and  broken. 

The  beams  have  the  strength  and  stiffness  laid  down  and  claimed  for  them  in  the 
tables  published  by  the  leading  iron  manufacturers  and  rolling  mills  of  the  United 
states.    They  are  straight,  out  of  wind,  the  planes  of  the  tianges  parallel  to  escA 
other  and  perpendicular  to  the  web,  and  are  free  from  flaws,  blisters,  ragged  and  torn 
edges  or  other  blemishes  and  evidences  of  bad  iron.     The  dimensions  agree  in  all  re^ 
spects  with  those  given  in  the  drawings. 

All  bolt  holes  are  accurately  made  at  the  proper  points  and  of  the  proper  sizes,  sn^ 
the  beams  are  delivered  completed  as  to  all  tinislung  work  necessary  to  their  fittit^j. 
in  their  proper  places  and  to  their  being  properly  joined  with  the  other  compou^^ 
parts  of  the  building. 

The  tie  rods,  tie  bolts,  rafter  stays,  angle  and  bar  iron  are  without  defective  ^^V^ 
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or  flaws,  straight,  accarate  in  dimensions,  delivered  finished  ready  to  be  put  in  the 
'building,  bolt  heads  drilled,  screw  threads  cut,  heads  formed  as  shown  in  the  draw- 
flo  as  to  insure  accurate  fitting  and  joining  with  the  other  component  parts  of 
building. 
The  castings  are  free  from  flaws,  blow  holes.,  or  other  defects.  The  columns  and 
caps  are  straight  and  accurate  in  dimensions ;  the  ends  and  faces  planed  or  turned 
perfectly  true,  level  and  at  right-angles  with  the  length  of  the  columns.  The  thiok- 
nese  of  the  columns  is  uniform,  and  they  fit  their  caps  accurately  and  have  full  and 
perfect  bearing  at  the  ends. 

All  of  the  iron  finished  according  to  specifications  with  the  parts  and  pieces  thereof 
JB  subject  to  inspection  and  test  before  acceptance.     It  is  then  cleaned  and  primed 
one  coat  of  paint  before  delivery. 


Rwoord  oftetU  by  tennle  airesa  of  iron  rolled  by  the  Faaaaio  Rolling  Mill  Company, 

[SteTens*  Institate  of  Techitology.] 


OriffluBl  mark  No.  5.     Labo- 
ratory No.  2151.    Material:  ! 
'        Wrought   iron,    1^   inches,  | 
1        anweltled.      Dimenaionti :  * 
Length,  2.1  inches;  diame-  | 
ter,  .795  inch.                           ! 

Original  mark  No.  4.    Labo- 
ratory No.  2149.    Material: 
Wrought  iron,  1  inch,  un- 
welded.      Dimensions:! 
Length,  2.06  inches ;  diame- 
ter, .795  inch. 

Loads. 

Elonga- 
tion. 

Sets. 
Inches. 

•   ••••«          .    .    .    ! 

.0003 

i    ' 
Loads. 

Elonga- 
tion. 

Sets. 

i 

Inches. 
8,000  1        .0022 

8,000 

9,000 

10,  000 

11,000 

12,  (100 

12,  500 

13,  000 
13,250 
13.500 
13,  750 

Inches. 
.0027 
.00.34 
.0036 
.0037 
.0039 
.0045 
.0047 
.005 
.0051 
.0053 
.  0055 
.  0058 
.  0059 
.  0062 
.0065 
.0067 
.0071 
.0074 
.0078 
.0081 
.0083 
.0086 
.0165 
.0363 

Inches. 

j            9.000 
!          10, 000 

.0029 
.003 

.0004 

1           11, 000           .  0031 
12.000           .0039 
12, 500           .  0039 
13,000  !         .0043 
13.250           .0ti4ft 

••••••....I 

1 

.0012 

.0010 

13,  500 

.005 

.0052 

.0069 

.0087 

.0091 

.  0U92 

.0097 

.0099 

.0118 

.0127 

.0154 

.0199 

.  0245 

.  0278 

.  0321 

.0408 

13, 750 

14.000 

1 

14.  000 

• 

14. 250 
14,  .500 
14. 750 
15, 000 
15,250 

.0042  1 
1 

14,  250 

14.  500 
14,750 

15.  000 
15.  250 
15, 500 
15.750 
16,000 
16,250 
16,600 

17,  000 

18,  000 
19,000 

.0020 

1 

.0055 

.0020 

15.500 

15,750 
16.000 

16,250 

.0185 

16,500 
17,000 
18,000 
19,000 

1 

"".0350 

.0302 

*  Final  dimensions :  Length,  2.74  inches;  diameter,  .6  inch;  reduction  of  area,  43  per  cent, 
t  Final  dimensions :  Length,  2.68  inches ;  diameter,  .618  inch  ;  reduction  of  area,  40  per  cent. 


I 


^«ks  St pounds 

■nsklne  I<Md  per  sqaare  inch : 

Original  section  , 

_    fractional  section 

>a«tic  limit: 

Aelaal 

^rer  aquju^  inch  original  section 
•'"^Wion,  actual = . 64 per  cent 


Broke  at pounds. 

Breaking  load  per  square  inch : 

Ori^iual  section  

Fractional  section 

Elastic  limit: 

Actufll 

Per  square  inch  original  section. 
Elongation,  actual= .62 per  cent. 


28,700 

57,832 
95,679 

14,009 

28.209 

30 


R.  H.  THURSTON, 

DirsUor. 
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Tests  of  iron  for  magazine  building, 

(Reoord  of  teats  by  tension  of  irons  made  by  Paasaio  Boiling  Mill  Company.    Stevens'  lasiitate 
Technology.    Material,  wrought  iron.    Investigation  by  tensile  strength.] 


• 

• 

1 

2 

1 

s 

-3 

a 
•»< 

■c 

1 
2 
6 

Dimensions. 

Stress,  ultimate. 

Breaking  load 
per     square 
inch. 

BxtensioB. 

Name. 

4 

,a 

a 
2 

Diameter, 
H,  H' 

aon.  T.  %»»»• 

1 

1 
"8 

Ratio     to 
origiQal 

Jnehet. 
■^  welded 

2146 
2148 
2150 

In. 

1.6 

2.1 

,2.06 

In. 
.625 
.795 
.795 

16,00C 
28»300 
26,500 

52, 118  '  69, 961 
57, 024  !  85. 089 
53, 397  1  67, 309 

1 

.26 
.66 
.32 

Ptr  i 

1   welded 

• 

4 

li  welded 

: 

R.  H.  THURSTOW, 


Reoord  of  tests  by  tensile  strength  of  irons  made  by  Passaic  Rolling  Mill  Company.    Stereos* 
stitate  of  Technology.    Original  mark,  No.  3.  Material,  wrought  iron.   JLaboratoryNo.  2147.   Dim 
aions:  Length,  2.12  inches;  diameter,  .388  inch.] 


Loads. 

Elongation. 

Sets. 

1,000 

.002 

.009 

.016 

.021 

.029 

.036 

.04 

.044 

.05 

Broke.  6.740. 

1,250 

Breaking  load  per  square  inch,  57.002. 
Breakinff  load,  fractional  section,  102,042. 

1,500 

1,750 

Elastic  limit,  actual,  2,750. 

2,000 
2,250 

.004 

Elastic  limit,  per  square  inch,  28,257. 
Elongation,  per  cent. ,  20. 

2,500 

Reduction  area,  per  cent-,  45. 

Final  dimensions :  Length,  2.64  inches ;  diameter, .  S9. 

2,760 

8,000 

.015 

R.  H.  THURSTON. 


3.  Corrugated-iron  roof  for  magazine. 

Four  inches  purliu  fastened  on  upper  surface  of  rafter  by  wrought-iron  shoes  clii 
ing  the  lower  iiauge  of  the  purlin.    • 

llleven  purlins  on  each  hip  Z'S^  inches  apart.  Purlins  joined  together  by  4-iB 
iron  strips  1  by  one-fourth  inch. 

The  rafters  and  purlins  are  covered  by  best  bloom  galvanized  corrn gated  ii 
sheets,  No.  '20  wire  gauge,  fastened  to  the  purlins  by  galvanized  iron  strips,  rive* 
to  the  <op  corrugations  on  the  under  side,  and  carried  around  and  under  the  purlins  to  i 
top  of  the  opposite  corrugations.  This  prevents  leakage  through  the  rivet  hoi 
The  sheets  are  3  feet  wide  by  7  feet  3  inches  long  and  are  fastened  together  by  tiaiJ 
rivets. 

The  holes  are  punched  uniform  and  the  rivets  fit  accurately,  the  old  hand-pao 
being  abandoned  in  favor  of  a  new  method,  which  insures  a  much  closer  fit  of  1 
rivet. 

The  sheets  lap  1^  inches,  and  the  old  plan  of  simply  painting  the  lap  after  rivet' 
has  been  abandoned  in  favor  of  the  use  of  canvas  strips  1^  inches  wide,  dipped- 
white  lead  and  oil,  which  are  inserted  between  the  lapped  surface  of  the  iron  bef' 
riveting.  The  buckle  raised  by  punching  is  in  this  manner  perfectly  filled  up,  * 
both  a  water  and  air  tight  joint  is  secured.  When  the  saturation  of  the  caa"* 
hardens,  it  practically  cements  the  surfaces  of  contact. 

On  the  ends  of  the  building  galvanized  iron  gable  cornices  are  placed  and  seon^ 
fastened  to  the  roof  covering.  On  the  ridge  and  eaves  galvanized  iron  flashings  ^ 
«mplo>ed  in  part  corrugated  to  avoid  a  seam  at  this  part  of  the  roof.  The  KK^i 
painted  with  one  coat  of  Princess  metallic  paint  on  the  outside. 

The  gutter  is  of  the  same  grade  of  iron  as  the  roof,  No.  20  gauge,  and  partially  •' 
ported  by  the  cornice  and  iron  hooks  at  intervals  of  2  feet,  the  hooks  being  ia0^ 
ihe  Taftera.    (See  Fig.  3,  Plate  III. ) 
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A,  B,  C,  D  is  a  wronght-iron  strap  to  hold  the  eaves-trough  of  five-sixteenth  inch 
iron,  2  inches  wide.  It  is  carried  up  and  bolted  to  the  lower  purlin  with  two  one- 
fourth  inch  bolts  at  the  point  D.  The  eaves- trough  is  formed  to  lit  strap  and  extends 
above  the  angle  at  the  roof  4  inches.  The  first  or  lower  sheet  on  roof  is  13  inches 
wide,  5  inches  plain,  8  iiicheM  corrugated,  bent  over  angle  at  C,  and  laps  1^  inches  in 
the  eaven-troiigh ;  all  other  sheets  overlap  1^  inches  and  are  3  feet  wide  and  7  feet  2 
inches  long.     Two  rods  five-eighths  inch  round  iron,  34  inches  long,  connect  the  lowest 

? air  of  purlins  (betwe«n  rafters)  in  order  to  more  ao^urately  hold  the  eaves-trough. 
hediMtauce  between  purlins  is  33f  inches  from  center  to  center. 
The  Btraps  FF'  are  employed  to  connect  the  roof  covering  with  the  purlins,  passing 
from  top  of  corrugation  on  the  one  side  to  the  top  of  t^orrugation  on  the  opposite  side 
of  porliQs. 

4.  Bill  of  lumber  far  a  magazine  huilditig. 


CbMtnnt  floor  beams,  3  by  8  inches  by  17  feet pieces. 

White-pine,  first  clear,  window  jambs,  3  by  4  inches  by  13  feet do... 

White-pine  pickings  for  furring  strips,  2  by  4  inches  by  16  feet do... 

White-pine  pickings  for  furring  strips,  2  by  4  inches  by  12  feet do... 

Clear-faced  tongued  and  grooved  Georgia  pine  flooring  1^  by  4^  inches. >  feet. 

Clear-faced  white  pine  ceiling,  1  by  3  inches  by  13  feet do . . . 

First  clfar  white  pine,  2  inches  by  16  feet do . . . 

Pinjt  clear  white  pine,  1  inch  by  16  feet do . . . 

Spruce  for  scaflblding,  2  by  10  inches  by  16  feet do . . . 

Hemlock  for  centers.  1  by  6  inches  by  12  feet do... 

Centers,  Ac,  for  turning  arches  ; 

White-pine  pickings,  2  by  12  inches  by  16  feet pieces. 

White-pine  pickings,  1  by  12  inches  by  16  feet do... 

Hemlock,  2  by  4  inches  by  16  feet do... 

Hemlock,  3  by  1  inch  by  16  feet do... 

5.  Bill  of  masonry  for  magazine. 


460 

28 

132 

74 

17,500 

8,500 

500 

200 

3,000 

3,100 

64 

500 
50 
16 


FOUNDATION. 

jj'ortar,  masonry,  granite  for  walls  and  piers cubic  feet. .  13, 134 

Cement  for  same barrels..  212 

inline  for  t$ame do 42 

WATER-TABLE. 

Cnt  stone,  graui te,  bush-hammerea superficial  feet . .  509 

^'it  stone,  granite,  bed  joints  and  pit<ch  faced do 3,666 

ABOVE  WATER-TABLE. 

Common  bricks,  in  walls 310,930 

J;Ommon  bricks,  in  wells 5,900 

^ODimon  bricks,  in  floor  arches 74,500 

jlol low  bricks  in  upper  arches 20,045 

^^^iw-backs  in  upper  arches ^ 2, 195 

^^  and  dressed  stone,  granite  for  steps,  sills,  &c superficial  feet . .  522 

ff^ent  for  above barrels..  276 

^»<»Je  for  above do....  223 

6.  Vertical  mensurements  of  magazine  No.  2. 


LEVELvS  FROM  TOP  OF  WATER-TABLES. 

^nnd level below..  —  1 

SP^loni  of  stone  foundation below . .  —  6 

I*^r above.,  -f  1 

^^er  aide  ceiling  beams -fl3 

to^r  »ide  ceiling  beams +14 

^^ttom  of  lower  ventilator,  inside  building -f-  3 

2^*^'M  of  top  ventilator,  inside  building -j-H 

irJ?f.'om  of  all  ventilators,  outside  building  (ventilator  frame  outside  4 

g^l9inches) +  1 

•j*!^  of  panel  (10  courses  of  brick) -j-  2 

.j,^Pof  panel  (57  courses  of  brick) -fl2 

P  space  above  panel  to  cornice  ^65  coui^sea  of  brick) -\"^^ 


In. 

6 

0 
10 

9 

7i 

4 
3 

% 
3 

7 
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Ft.  In. 

Top  cornice  ^70  courses  of  brick) -fl5  6 

Top  side-wall  or  pier  (70  courses  of  brick) -|-15  ^ 

Top  of  window-sill i -f  4  W 

Top  of  window -j-Il  6 

Base  of  shoe -f  15  6 

Center  of  shoe-bolt -fl6  0 

Middle  rafter  joint  at  peak ^ ^'SO  :\ 

Top  rafter  joint  at  peak +30  10{ 

Center  attic  window -f23  l\ 

7.  Horizontal  measurementa  of  magcLzines  Nob.  2  and  3. 

Inside  measarement  of  floor  or  ceiling,  46  feet  11  inches  by  198  feet  11  inches. 
Distance  between  iron  columns,  center  to  center,  8  feet. 
Distance  from  end  of  building  to  center  of  first  column,  7  feet  b\  inches. 
Distance  from  side  of  biiildius:  to  cent'er  of  column,  23  feet  5^  inches. 
Outside  measurement  of  brick- work,  51  feet  2  inches  by  203  feet  2  inches. 

BND  WALLS   OF  MAGAZINE. 

Stone  fonndation  62  inches  wide  to  a  height  of  2  feet  1  inch  from  base ;  at  that  point 
with  an  offset  of  12  inches  on  the  inside  and  20  inches  on  the  outside  of  foundatioD 
wall,  wall  30  inches  wide  for  a  height  of  3  feet  1  inch  to  water-table ;  water-tible 
(height  8  inches),  resting  on  this  wall,  width  32  inches,  chamfered  1  inch  by  3 inches. 

SIDE  WALLS   OF  MAGAZINE. 

St-one  foundation  56  inches  wide  to  a  height  of  2  feet  from  base  ;  at  that  point  with 
an  bffset  of  12  inches  on  the  inside  and  20  inches  on  the  outside  of  foundation,  wall 
t4  inches  wide  to  water-table ;  water-table,  resting  on  this  wall,  26  iuches  wide ;  upper 
brick  walls,  end  and  side,  22^  inches  thick  in  pier,  including  air  space ;  wall  in  pan- 
els, V6\  inches  thick. 

8.  Remarks  relative  to  lightning-rods. 

The  lightning  rods  are  placed  on  the  magazine  in  the  manner  recommended  by  the 
*'  Board  on  Protection  of  Gunpowder  Magazines  from  Lightning,"  nearly  as  follows: 

The  magazines  are  provided  with  five  condnrtors  of  I  inch  galvflnizcd  iron  wire  rope? 
well  painted,  each  conductor  ruuning  continuously  froui  the  ridge  down  opposite  faces 
of  the  building  and  connected  by  a  soldered  joint  with  a  cast-iron  water-pipe  10  feet- 
long,  1  foot  in  diameter,  iusertedin  a  wet  well;  the  central  and  estrome  condncton 
passing  behind  the  water-spouts.  The  curvature  at-the  eaves  is  such  that  the  length 
of  the  cur\ed  portion  does  not  exceed  one  and  a  half  times  the  distance  between  the 
initial  and  terminal  points  of  the  curve.  The  upper  terminal  of  each  conductor  is  a 
1  inch  galvanized  iron  rod  with  a  beveled  and  gilded  extremity,  surrounded  at  1  foot 
from  the  end  by  an  iron  collar  screwed  and  soldered  to  it,  holding  six  eqnidist*^* 
pointed  and  gilded  iron  wires  6  iuches  long.  The  length  of  the  terminal  rods  does 
not  exceed  6  feet.  • 

The  vertical  portions  of  the  wire  rope  are  connected  by  a  horizontal  rope  of  the 
same  kind  and  size  above  ground. 

The  holdfasts  are  of  iron  and  allow  free  movements  to  the  rope  in  expansion  and  con- 
traction. The  doors  and  shutters  are  connected  with  the  conductors.  (For  further 
details  see  Chief  of  Ordnance's  Report  for  1882,  p.  527  to  530.) 
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DESCRIPTION  OF  THE  ROD  BAYONET  AND  ATTACHMENT,  AND  FROUT 
AND  REAR  SIGHT,  FOR  THE  SPRINGFIELD  RIFLE,  MODEL  1884. 

BY  LIKUT.  COL.  A.  R.  BUFFINOTON,  ORDNANCE  DEPARTMENT. 

(1  plate.) 

ROD  BAYONET  AND  ATTACHMENTS. 
NOMRNCL  ATU  RE. 

Fig.  1  represents  rod  bayonet  and  attachments  on  the  rifle. 

Bod  bayonet  (A).  Parts :  Round  blade;  shoulders  (2)  for  locking 
spring;  creases  for  thamb  and  fingers;  point  grooves  3(1);  stem  {not 
showing  in  Fig.)  size  of  ordinary  rammer  with  screw-thread  for  a  head, 
which  is  carried  with  screw  driver  and  headless  shell  extractor  in  the 
butt  of  the  stock. 

Rod  bayonet  stud  (B).  Brazed  to  underside  of  barrel.  Parts:  Front 
projection  (C);  rear  projection  (D)  and  serving  as  stock  tip;  bedding 
groove  for  locking  spring;  ba^e  and  locking  spring  screw  and  front  sight 
cover  pin  holes.    Front  sight  cover  pin. 

Lfocking  spring  (B).  One  catch  only  shown.  Parts:  Base-blades;  rod 
catches;  pin  and  screw  holes. 

Locking  spring  pin. 

Locking  spring  screw. 

Locking  spring  bntton  (F).    Parts:  Body  with  bayonet  groove;  thumb 

and  finger  projections  2  (H),  creates  for  thumb  and  fingers;  inclines  for 

pressing  down  locking  spring;  pivot  hole  and  counter  sink;  locking  spring 

screw  hole.    Pivot  stud  (under  the  rod,  not  shown)  riveted  to  spring. 

Parts:  Body;  head. 

MANIPULATION. 

To  fix  bayonet :  Place  the  rifle  in  position  prescribed  for  *'  fix  bay- 
onet" with  the  old  triangular  bayonet,  barrel  opposite  rod  bayonet 
stud  reHtiog  in  palm  of  left  hand,  thumb  and  fingers  (thumb  above  on 
the  left,  fingers  below  on  the  right)  resting  on  the  creases  of  locking 
spring  button  projections,  thumb  and  forefingers  of  right  hand  clasping 
^  bayonet  at  the  creases  above  the  stud.    Press  on  the  projections  of 
locking  spring  bntton  to  force  ea^ch  as  far  as  it  will  go  towards  the  rod^ 
then  spring  the  bayonet  upward  out  of  fastening,  relaxing  the  pressure 
P'llie  left  hand  thumb  and  fingers  on  the  button  projections  while  draw- 
*DKtherod  with  the  right  hand  and  the  rod  will  be  caught  automati- 
^y  at  the  proper  place,  fixing  it. 

^0  unfix  bayonet:  Position  of  rifle  and  hands  as  before.    After  releaa* 
™8[  the  rod  as  above,  puab  it  downward,  relaxing  pressare  ot  lett  Yiawdi 
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thumb  and  fingers  and  the  rod  will  be  caaght  automatically  in  position 
of  unfixed  bayonet. 

REAR  SIGHT. 
NOMENCLATURE. 

Fig.  2  represents  rear  sight  complete  on  the  rifle. 

Fixed  base  (A).  Parts:  Body  with  bed  for  movable  base ;  barrel  groove; 
htt'Se  screw  holes  (2) ;  windage  screw;  seat;  windage  point  lines. 

Windage  screw  and  heads  (a). 

Base  screws  (2).  • 

Movable  base  (B).  Parts :  Body  with  reinforce;  joint  lugs  (2)  andpi% 
holes;  spring  mortise;  under  cut  spring  slot;  pivot  hole;  windage  female 
screw  threads;  windage  point  arrow. 

Joint  pin. 

Base  spring.     Parts:  Body;  beveled  edges ;  blade;  pivot  hole. 

Sight  leaf  (0).  Parts:  Body  with  joint  projection ;  elevating  pinion 
projection;  slide  drift  mortise;  V shaped  grooves  for  slide;  graduations 
and  figures  for  elevations. 

Elevating  pinion  and  head  (D). 

Elevating  pinion  washer  spring  (B). 

Slide  (F).  Parts:  Body  with  V-shaped  sides ;  pinion  ra^het ;  apertures 
(2)  for  open  sighty  lower  one  for  elevations  from  200  to  1,400  yards,  in- 
clusive ;  upper  one  for  1,500  to  2,000  yards  inclusive ;  aperture  sight  hole 
for  200  to  1,400  yards  inclusive;  graduation^  lines,  and  figures  for  eleva- 
tion 1,500  to  2,000  yards  inclusive ;  bvakhorns  and  open  sight  notch  (2)  for 
"point  blank"  to  100  yards  range,  leaf  down. 

MANIPULATION. 

Leaf  raised  and  lowered  in  any  position  of  movable  base,  as  the  pres- 
ent service  sight  leaf. 

Elevation  for  range.    To  100  yards  leaf  and  slide  down  through  the 
buckhorn  open  sight  notch.    For  greater  than  J 00  yards  raise  the  leaf, 
and  with  the  right  thumb  and  forefinger  turn  the  pinion  head  (D)  up- 
ward until  arrow  of  lower  open  sight  notch  or  arrow  of  aperture  hole, 
whichever  be  used,  is  opposite  lines  under  the  figures  of  desired  range 
for  all  ranges  to  and  including  1,400  yards ;  for  greater  ranges  to  and 
including  2,000  yards,  which  can  be  obtained  only  through  the  upper 
open  sight  notch,  the  arrow  on  the  upper  left  hand  side  of  leaf  must  be 
made,  by  movement  of  slide,  to  coincide  with  graduation  lines  under  the 
figures  of  elevation  on  the  left  of  the  slide.    As  the  slide,  in  moving 
upward,  moves  in  the  "slide  drift  mortise''  of  the  leaf,  which  mortis^ 
has  the  inclination  to  the  left  (rifling  being  to  the  right)  of  the  dril^ 
curve — practically  a  right  line — it  follows  that  coiTection  for  drift  i^ 
thus  secured  automatically,  requiring  no  thought  or  adjustment  of  tlv^ 
marksman  for  any  range.* 

Correction  for  windage  is  secured  by  the  movable  base  (turning  abo^xt 
the  front  base  screw  as  a  center,  carrying  the  leaf  and  base  spring  wi%:l^ 
it)  and  windage  screw  (a),  which,  with  the  right  forefinger  and  tliuii^\>^ 
turn  to  the  front  for  a  wind  from  the  right  and  to  the  rear  for  a  wijt\d 
from  the  left.    The  arrow  head  in  rear,  on  the  center  line  of  movi 


*  Lient.  W.  C,  Brown,  First  United  States  Cavalry,  proposed  that  drift  linet^*  or 
curves  be  marked  on  the  leaf  of  the  rear  sight,  model  TO,  so  that  adjustment  coul^^    ^>* 
made  for  drift;  on  this  basis,  for  which  credit  is  due  to  him,  the  automatic  arra 
ment  was  devised. 
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Imse,  and  the  windage  point  lines  on  the  fixed  base,  record  the  move- 
meiit. 

FRONT  SIGHT  AND  COVER. 

NOMENCLATURE. 

Front  sight  (2).  Parts:  Steel  cylindrical pin^  carried  in  a  thimble  in- 
closed by  front  sight  cover. 

Front  sight  cover  (D).  Parts :  Body  with  barrel  and  sight  holes;  thim- 
Me  recess  and  screw  Iwle  and  bayonet  stud  and  pin  cuts. 

Thimble  (E). 
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'.i*ORT    OF  ARTILLERY   PRACTICE   AT   THE   NARROWS,  NEW  YORK 

HARBOR. 

BT  COL.  JOHN  HAMILTON,   FIFTH  ARTILLERY. 

(3  plates.) 

The  practice  was  with  tbe  20  and  15  inch  Bodman  smooth-bores  and 
^inch  siege-rifle.  The  lateness  of  the  season,  the  lack  of  a  snitable 
Achorage  for  the  target,  and  the  withdrawal  of  the  steam-lannch  Thayer 
revent^  the  coatinaance  of  the  firing  so  as  to  inclnde  the  100,  200, 
ad  300  poander  Parrot  rifles  and  the  8-inch  converted  rifles,  all  monnted 
.t  Fort  Wadsworth,  New  York  Harbor. 

The  details  of  the  firing  are  shown  in  Tables  I,  II,  and  III.  Oonsid- 
sring  the  class  of  guns  used  in  the  first  case  (smooth-bores),  the  results 
aie  fairly  good. 

20-INOH  BODMAN  BMOOTH-BOBE. 

This  piece  had  been  fired  but  a  very  few  times  and  the  details  of 
record  were  incomplete.  Having  broken  a  portion  of  its  carriage  at  the 
close  of  the  firing  season  of  18S2,  it  had  been  repaired  by  the  Ordnance 
Department.  It  was  intimated  that  the  carriage  could  then  resist  any 
Btraiu  of  recoil  with  the  charges  to  be  used.  I  believe  that  this  would 
bave  been  the  case  but  for  unforeseen  complications  which  brought  the 
strains  upon  the  carriage  in  an  unusual  manner.  The  details  of  the  first 
round  are  shown  in  Table  I.  The  injury  was  due  to  the  fact  that  the 
chains  by  which  the  carriage  was  pulled  "  from  battery^  had  not  been 
tinhooked,  and  the  carriage,  in  recoiling  over  these,  was  raised,  so  that 
two  auxiliary  eye-bolts  attached  to  the  gun-carriage  struck  and  raised 
the  rear  bufter-plate  of  the  chassis.  The  damage  was  repaired  by  the 
Ordnauce  Department,  aud  the  next  round  was  fired  with  reduced 
<^harge  of  powder  (150  pounds)  aud  an  increased  amount  of  oil  (45  gal- 
Ions)  in  the  hydraulic  buffer.  The  gun  recoiled  the  full  length  of  chas- 
^8^  struck  the  rubber  buffers  of  chassis,  aud  sprang  forward  from  these 
2  inches.  Upon  the  advice  of  Mr.  Sinclair  (Ordnance  Department)  it 
^as  concluded  to  fill  the  buffer  cylinder  completely^  preparatory  to  again 
firing. 

It  was  also  considered  desirable  to  measure  tbe  velocities  of  the  gun. 
**j.  George  W.  McKee,  Ordnance  Department,  United  States  Army, 
^ting  president  of  the  Ordnance  Board  in  the  absence  of  Col.  T.  G. 
«aylor,  caused  instruments,  material,  and  employes  of  the  department 
^  ^  sent  from  Sandy  Hook  twice.  Unfortunately  the  weather  proved 
J'^favorable  on  both  occasions.  Colonel  Baylor,  upon  his  return,  acceded 
^0  a  request  for  an  effort  to  be  made  a  third  time.  Again  A  storm  pre- 
^«nted  the  arrival  of  the  ordnance  boat  from  Sandy  Hook.  This  tet- 
^^nated  our  efforts  in  that  direction,  the  season  being  too  far  advaiic^Qd.. 

6191  OBD 8 
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The  buffer  was  full  when  the  piston-rod  was  broken  in  the  firing  of 
1 882,  the  resistance  to  recoi  1  having  been  probably  too  great.  Al  though 
the  openings  in  the  piston-head  had  been  increased,  some  hesitancy 
was  felt  to  till  the  cylinder  completely,  and  thus  raise  the  resistance  to 
a  maximum. 

Our  thanks  are  due  to  the  Ordnance  Department  for  its  readiness  to 
assist  us  in  our  work  and  to  turnish  us  many  of  the  instruments  and 
facilities  required  for  it.  Reference  will  be  made  hereafter  to  some  of 
the  details  of  these. 

15-INCH  RODMAN   SMOOTH-BORE. 

These  were  fired  with  charges  of  60,  70,  and  80  pounds  of  mammoth 
powder.  The  last-named  charge  did  not  appear  to  be  too  great  either 
for  the  gun  or  carriage,  and  gave  so  much  better  results  that  its  use 
was  continued.  The  pneumatic  buffers  appeared  to  suffice  for  the  ab- 
sorption of  the  recoiL  The  carriage  ran  "  in  battery,"  however,  and  an 
automatic  device  (such  as  Mr.  Sinclair's)  for  holding  the  carriage  *'  trom 
battery '^  after  recoil  might  be  advantageously  applied  on  carriages  of 
muzzle-loading  guns  provided  with  the  pneumatic  buffers. 

Two  volleys  of  four  guns  each  were  fired  by  electricity.  Reference 
will  be  made  to  this  hereafter.  The  target  was  struck  by  one  volley, 
the  shot  clustering  well. 

As  a  make-shift,  these  guns  may  do  fairly  good  work  at  ranges  not 
exceeding  3,000  yards,  if  tired  with  130-pound  charge  of  hexagonal  pow- 
der, as  in^oposed,  and  in  volleys  of  not  less  than  eight  guns,  so  that  it 
may  chance  that  two  or  more  shot  strike  the  enemy  simultaneously. 

4^-INCH   SIEGE   RIFLES. 

These  guns  were  fired  only  twice.  At  the  first  day's  firing  the  target 
was  struck  in  the  bulPs-eye.  At  the  second,  the  target  was  blown 
adrift  by  a  storm  of  from  40  to  50  miles.  The  pieces  were  therefore 
sighted  at  points  on  the  Quarantine  Islands,  without  endeavoring  to 
allow  for  wind  and  diilt,  in  order  to  obtain  data  as  to  both  drift  ani 
wind  deflections. 

The  probable  drift  of  the  Hbtchkiss  solid  shot  used  (old  pattern),  witkx 
a  charge  of  3^  pounds  of  mortar  powder,  for  a  range  of  2,520  yards,  i 
8.7  yards;  for  3,5*j0  yards  it  is  22  yards.    The  data  from  which  the* 
are  obtained  are  somewhat  doubtful,  contain  unavoidable  elements 
uncertainty,  and  further  observations  to  verify  are  desirable. 

POINTING  GUNS,  ETC. 

As  the  telescopic  sights  were  not  completed  in  time  for  use  duriEmg^ 
the  present  firing,  the  service  sights  were  used,  and  the  guns  point^j?^ 
directly.  The  deflection  was  then  given  by  means  of  pointing-boards* 
and  a  pointer  attached  to  a  rear  traverse-wheel  of  the  chassis.  TXie 
pointing-boards  were  graduated  into  divisions  of  3'  27'',  which  givea^  » 
value  of  .001  of  the  range  in  deflection.  A  sketch  of  the  boards  is  a»t- 
tached.    (Fig.  1  of  Plate  I.) 

In  order  to  train  the  eyes  of  cannoneers  to  appreciation  of  distanc^es 
at  the  target  and  to  insure  perfect  accuracy  of  pointing,  etc,  the  iTol- 
lowing  circular  was  published: 
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ARTILLERY  PRACTICE  CIRCULAR. 

1.  Elevations  will  not  be  given  until  just  before  firing. 

2.  The  gun  will  first  be  sighted  direct  upon  the  bulls-eye,  and  the  captain  in  charge  - 
of  the  gun  will  let  as  many  of  his  non-com uiissioned  othcers  and  intelligent  privates 
<as  time  will  permit  to  verify  the  pointing.  The  correction  for  wind-detlection  will 
then  be  made,  and  the  same  men  will  be  given  an  opportunity  to  see,  by  sighting, 
how  far  the  line  has  been  thrown  from  the  bulls-eye.  This  of  course  would  be  the 
practical  dedeetion. 

X  The  officer  in  charge  of  the  gun  will  verify  all  pointing. 

4.  The  elevations  wiU  be  given  just  before  tiring  by  the  chief  of  piece,  under  the 
iitimediate  superiutt^ndence  of  the  officer. 

5.  The  gunner  will  adjust  the  electric  primers  on  the  wire  and  in  the  vent. 

6.  The  chief  of  piece  will  dust  the  rail  to  determine  recoil,  and  will  manipulate  the 
exploding  apparatus. 

7.  After  the  first  fire  the  captain  may  call  on  any  of  the  men  to  do  the  initial  point- 
ing.    (To  be  verified  as  in  the  first  fire.) 

In  every  instance  the  deflection  allowance  given  for  the  opening  fire 
of  each  day's  practice  brought  the  shot  close  to  the  line.  The  change 
of  both  the  direction  and  force  of  the  wind  were  closely  followed.  This 
wa8  the  more  notable  from  the  fact  that  at  times  the  velocity  was  con- 
siderable and  variable.  Changes  in  deflection  allowance  of  as  much  as 
30  yards  between  consecutive  rounds,  and,  in  one  instance,  of  23  yards, 
after  the  flrst  pointing,  before  firing,  gave  good  results. 

ELECTBIOAL  FIRING  APPLIANCES. 

EXPLODERS. 

The  guns  were  fired  by  means  i»f  the  Laflin  &  Kand  *' magneto-ex- 
ploders No.  3,''  purchased  by  authority  received  from  the  Chief  of  Ord- 
nance, and  an  experimental  exploder  loaned  to  us  for  trial  by  the  Laflin 
&  Rand  Company.     Both  worked  satisfactorily.    The  experimental  ex- 
ploder was  essentially  a  small  dynamo  machine,  the  armature  of  which 
was  revolved  rapidly  by  a  spring  and  clock  work.    It  was  necessary  to 
wind  up  the  clock-work  for  CHch  time  of  firing.    A  key  being  i)ressed, 
a  detent  was  released,  and  the  armature  was  made  to  revolve  rapidly. 
As  the  movement  of  the  firing-key  was  continued  [and  when  the  cur- 
rent generated  was  at  its  maximum]  it  was  shunted  into  the  firing  cir- 
cuit.  The  instrument  was  more  compact  than  the  other  form  of  ma- 
chine, weighing  15  pounds  less,  and  being  only  5^  by  5  by  3f  inches  in 
size,  or  about  one-fifth  the  dimensions  of  the  other.    In  it«  present 
form  it  is  more  liable  to  get  out  of  order  than  No.  3  machine,  but  re- 
<iuire8less  practice  to  use  it  Mith  certainty  when  in  order. 

CONDUCTING  WIRES. 

Three  kinds  of  double  conductors,  cables,  were  used  in  the  firing. 
^  these,  two  coils  (Nos.  1  and  2)  were  given  to  me  for  experiment  by 
^f'  0.  A.  Hotchkiss,  general  agent  of  the  Day  Kerite  Cable  Company, 
jod  No.  3  was  made  for  our  work,  the  order  and  purchase  of  same 

li"^  heen  authorized  by  the  Chief  of  Ordnance. 

The.  No.  1  coil  consists  of  two  conductors,  each  a  No.  18  B.  W.  G.  cop- 
per wire  insulated  to  six  thirty-seconds  of  an  inch,  laid  up  with  two 
^m  of  juting  for  rounding  and  protection,  all  being  finally  covered 
^ith  tarred  taping. 

^t  has  been  in  use  for  two  firing  seasons,  has  been  kept  in  a  dvimp 
J       ^1^*^®  without  psLTticular  care,  has  been  exposed  both  to  bot  awd. 
^"l  ^eatJwr,  and  appears  to  be  as  good  as  when  received.     It  is  ve\y 
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light  and  useful  for  many  purposes,  particularly  where  it  is  desired  tc 
fire  only  a  single  gun.  It  is  not,  however,  as  flexible  and  strong  atithc 
!No.  3  cable. 

No.  2  cable. — Bach  conductor  is  made  of  seven  strands  of  No.  6B 
W.  G.  copper  wire,  insulated  to  thirteen  thirty-seconds  of  an  inch,  laid 
up  with  cords  of  juting,  and  wrapped  with  two  layers  of  tai>e. 

This  coil  was  designed  to  give  an  extremely  low  resistance — a  mattei 
of  imp6rtance  where  a  large  number  of  guns  aretobefirediu  volleysaud 
the  current  available  for  ignition  of  the  primers  is  limited.  This  cable. 
although  somewhat  cumbersome,  is  not  too  much  so  for  the  puriK)8e(le- 
signed,  as  it  is  to  be  used  iu  permanent  works.  The  resistance  of  the 
round  circuit  (equivalent  to  a  single  length  of  300  yards)  is  only  OM 
ohm,  leaving  thus  a  wide  margin  for  faults  in  primers,  ^c. 

No.  3  cable. — This  wire  was  designed  with  a  view  of  securing  the  re 
sistance  due  to  a  single  No.  14  copper  wire,  with  increased  flexibility 
and  strength.  It  was,  therefore,  made  of  six  No.  21  B.  W.  G.  coppei 
wires,  on  a  No.  20  B.  W.  G.  steel  core,  which  last  was  introduced  U 
secure  additional  strength.  The  insulation  covering  was  of  seven  thirty 
seconds  inch  Kerite ;  the  two  conductors  were  held  together  and  cov 
ere<l  with  two  layers  of  braided  and  tarred  sail-threads,  to  give  ampl^ 
protection  to  the  insulation  from  such  rough  usage  as  it  is  liable  to  mee 
with  in  actual  service.  Our  limited  experience  with  this  indicates  th» 
it  will  do  all  that  can  be  required  or  expected,  and  it  is  in  every  wa: 
servi«:eable. 

ELECTRICAL   PRIMERS. 

The  electrical  primers  furnished  (Frankford  Arsenal  of  1883)  hav* 
thus  far  been  more  satisfactory  than  any  others  which  I  have  seen  used 
issued  by  the  department. 

There  has  not  been  a  single  failure  to  ignite  in  those  tned.  lo  d* 
case  has  there  been  a  failure  to  ignite  the  cartridge  and  discharge  th 
piece,  although  twice  this  was  the  20-inch  Eodman  smooth-bore,  wher 
the  distance  from  the  primer  to  the  cartridge  was  20  inches. 

It  in  particularly  important  to  have  reliable  primers  of  uniform  u 
sistance  and  sensitiveness  for  volley  firing.  The  importance  of  this  maE 
ner  of  delivering  fire  upon  any  enemy  cannot  be  overestimated  It  i 
desirable  to  make  permanent  arrangements  of  wires  and  attachment 
upon  gun-carriages,  so  that  any  or  all  guns  of  a  given  battery  may  b 
connected,  and  so  that  the  fire  of  a  single  gun  of  the  series,  owing  to  tb 
greater  sensitiveness  of  its  primer,  or  the  failure  of  one  or  more  priinen 
need  not  prevent  the  fire  of  other  guns  of  the  series.  Some  appliance 
to  accomplish  the  foregoing  have  been  made,  but  not  yet  tested. 

It  is  proposed  to  complete  these  and  arrange  the  six  100-pound  Pa»: 
rotts  in  the  barbette  battery  of  Fort  Wadsworth,  so  as  to  test  theui. 

For  volley  firing  at  movable  targets  a  voltaic  firing  battery  would  b 
better  than  the  exploders  described,  because  this  may  be  arranged  s 
that  the  guns  may  either  be  fired  instantly  upon  the  touch  of  a  key,  ^ 
it  may  still  be  arranged  so  as  to  fire  at  the  expiration  of  a  definite  perio 
after  the  firing-key  is  touched. 

When,  as  will  eventually  happen,  guns  are  worked  by  dynamo-ete 
trical  engines,  such  separate  firing  appliances  will  not  be  required. 

In  view  of  the  large  masses  of  modern  guns  and  carriages  and  tB 
great  speed  of  modern  vessels,  it  is  obvious  that  other  than  mani»' 
powder  will  be  required  to  manipulate  the  guns  with  sufficient  facilit 
Three  means  are  available:  all  are,  however,  dependent  upon  a  ceutr" 
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Qoarce  of  steam-power.  The  three  are  steara,  compressed  air,  and  elec- 
tricity. The  first  two  demand  long  pipes  which  mast  necessarily  be 
exposed,  and  if  broken  cannot  be  readily  and  quickly  repaired.  The 
other,  electricity,  conveyed  by  cables,  appears  more  practicable,  as 
the  cables  can  be  easily  and  quickly  replaced.  Besides  this,  a  large  re- 
serve of  power  may  be  stored  up  in  secondary  batteries,  providing  for 
the  accident  to  the  steam-engine  operating  the  dynamos.  The  motors 
to  be  used  at  the  gun  are  relatively  small  and  easily  replaced.  A  motor 
gimg  8  horse-power  has  been  made  weighing  only  350  pounds.  The 
maximum  power  required  will  not  exceed  4  horse-power. 

Hydraulic  machinery  is  obviously  essentially  as  objectionable  as  either 
jiteam  or  compressed  air.  It  is  possible  that  the  latter  may  be  used  by 
baviug  charged  reservoirs  sent  to  the  guns  from  a  central  source  and 
attached  to  the  motor. 

In  all  cases  the  machinery  should  be  of  such  character  as  to  enable 
the  person  sighting  to  make  the  requisite  movement  rapidly  by  a  touch 
of  the  finger. 

TARGETS. 

It  has  caused  much  difficulty  to  anchor  our  target  securely  with  the 
facilities  available.  The  wind  and  tide  would  cause  the  target  to  drag 
it«  anchor  very  frequently.  An  attempt  to  plant  a  secure  anchora^j^e 
for  mooring  the  target  resulted  in  the  buoy  and  rope  being  stolen,  and 
the  cast-iron  skids  used  have  not  yet  been  recovered.  Finally,  on 
November  16,  the  target  floated  off  to  sea,  dragging  a  200-pound  anchor, 
which  had  been  borrowed.  Neither  the  target  nor  anchor  were  recov- 
ered. 

In  view  of  this,  I  would  respectfully  recommend  that  steps  be  taken 
to  secare  three  permanent  anchorages  for  future  use.  These  should 
be  at  ranges  of  about  2,700  yards,  and  3,700  yards  between  the  two 
<iaaraDtine  islands,  for  practice  with  the  large  smooth-bore  guns,  and 
aiei^egan  rifles  from  Fort  Hamilton,  and  one  at  a  range  of  alK)ut  5,000 
yards  off  Coney  Island  Point,  for  practice  with  the  rifle  guns  from  Fort 
Wadsworth.  The  anchorage  should  consist  of  heavy  stones  with  a  long 
spar-buoy  attached  by  chain  in  such  a  manner  as  to  make  it  difficult  for 
the  junk-thieves  of  the  harbor  to  steal  the  same.  Such  spar-buoys 
<Jould  be  easily  approached  by  the  launch  or  tug  towing  the  target. 

To  handle  easily  an  anchor  sufficiently  heavy  to  hold  the  target  un- 
der all  circumstances  of  wind  and  tide  would  involve  the  necessitj'^  of  a 
larger  ^oat  than  can  be  obtained  and  also  a  larger  crew  than  can  be 
spared. 

Besides  this,  a  larger  boat  cQuld  not  always  approach  the  anchoring 
place  with  or  for  the  target  at  all  stages  of  the  tide,  and  a  target  can- 
^^^  be  left  out  overnight  without  endangering  passing  vessels.  The 
^par-buoys  will  therefore  be  the  more  possible  solution  of  the  difficulty. 

It  will  be  necessary  to  consult  with  the  Light-House  Board  as  to  the 
location  of  these  spar-buoys,  in  order  that  thev  may  not  interfere  with 
navigation. 

MOVABLE   TARGETS. 

I^  is  desirable  to  practice  at  a  movable  target  as  soon  as  a  fair  de- 
gree of  efficiency  has  been  attained  at  a  stationary  target.  Attached 
^,^^^8  a  sketch  of  a  target  given  in  a  paper  on  artillery  practice  in 
vork  Harbor,  by  Capt.  E.  A.  M outgomraery,  R.  A.,  published  in  No.  5, 
^o^^e  12,  of  the  Proceedings  of  the  Royal  Artillery  Institute  (^F\g.  % 
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"  The  nature  of  the  target  uaed  will  be  easily  understood  from  the  two 
drawings,  which  are  taken  from  sketches  kindly  made  for  this  paper 
by  Lieut.  F,  Bushe,  R.  A.,  the  adjutant  of  the  Royal  Artillery  in  Cork 
Harbor.  - 

"Deal  planks  of  scantling,  ^  by  10  inches  were  use<l,  and  it  was  made 
by  the  coxswain  of  the  R.  A.  boat,  the  material  being  obtained  from  the 
ordnance  department. 

"The  rope  was  fastened  underneath  the  frame- work,  so  that  when  the 
strain  came  the  tendency  would  be  to  make  the  nose  of  the  target  rise 
instead  of  burying  itself,  which  would  be  the  case  if  the  rope  were  fast- 
ened on  the  upper  surface.  The  stone  shown  hanging  in  rear  acted  as  a 
counterpoise,  helping  to  lift  the  nose  of  the  target. 

"  It  was  found  on  trial  that  even  when  moving  at  8  to  10  knots  an  hour 
the  target  showed  no  inclination  to  tow  under.  The  actual  rate  during 
practice  was  3  to  4  knots  an  hour.  The  rope  used  was  a  coil  of  1  J-inch 
tarred  rope,  a  length  of  80  to  100  yards  being  let  out  during  practice- 
When  testing  the  target  as  much  as  150  yards  was  let  out  without  in 
any  way  affecting  the  steadiness  of  the  target." 

The  sketch  appears  to  give  a  suitable  form  for  our  use  when  we  have 
more  reliable  projectiles,  but  with  the  older  rifle  projectiles  available, 
liable  as  they  are  to  strip,  wabble,  and  tumble,  it  might  not  be  com 
fortable  for  the  occupants  of  a  tug  towing  a  target,  even  if  removed  IW 
or  200  yards. 

I  would  suggest  that  the  target  be  so  arranged  as  to  move  freely  audei 
action  of  both  wind  and  tide.  Although  this  might  not  be  as  difficuH 
as  firing  at  a  vessel  moving  at  full  speed,  it  would  answer  for  our  initia 
efforts  and  prepare  the  way  for  doing  good  work  when  better  guns  an< 
projectiles  can  be  provided. 

For  practice  against  a  moving  target,  I  would  always  consider  it  de 
sirable  to  tire  in  volleys  of  not  less  than  four  guns. 

GRADUATION  OF  TRAVERSE  CIRCLES. 

As  preparatory  for  this  work  it  will  be  necessary  to  graduate  the  trfl 
verse  circles  of  the  gun  to  be  used.  To  do  this  to  the  requisite  defrre< 
of  smallness  of  graduations  would  involve  an  immense  amount  of  laboi 
1  would  therefore  suggest  two  methods  of  accomplishing  the  desired  r* 
suit,  viz : 

1.  Graduate  the  traverse  circles  to  every  five  degrees  ;  have  a  poiii 
ing-board,  similar  to  the  one  previously  described  (see  page  114^,  havia 
five  degrees  subdivided  to  any  desired  smallness  of  angles.  The  boar 
is  placed  so  that  the  extreme  graduations  of  the  pointing  boards  coi» 
cide  with  five  degree-points  on  the  traverse  circles  nearest  the  desire 
angle.  The  carriage  is  then  traversed  until  the  pointer  on  the  chas*^ 
is  at  the  desired  subdivision  of  the  pointing-board. 

In  order  to  give  the  pointing-board  stability  when  placed,  two  pow^ 
ful  bar-magnets  might  be  attached  at  the  extremities  of  the  boar< 
Coming  in  contact  with  the  iron  traverse  circle,  the  magnets  would  hoi 
the  board  in  position  until  it  is  desired  to  shift  it. 

2.  Graduate  the  traverse  circle  to  degrees.  Attach  near  to  the  re^ 
traverse  wheel  a  beveled  plate  firmly,  but  so  that  it  may  be  adjusted 
which  shall  just  clear  the  rear  traverse  circle.  It  is  to  be  subdivide 
to  the  smallest  fraction  of  degrees  required  for  use. 

In  view  of  the  imperfect  character  of  the  carriage's  in  use — i.  «.,  A 
play  of  the  gun-carriage  on  the  chassis — it  will  be  necessary  to  mark  o 
the  traverse  circles  points  of  reference  where  the  index  on  chassisshool 
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come  when  gan  is  sighted  upon  some  well-defined  permanent  object. 
The  gun  being  run  *'  in  battery,"  it  is  sighted  upon  one  of  these  points, 
and  either  the  index  error  noted  and  used,  or  else  the^  position  of  the 
index  be  corrected.  For  each  battery  a  gun  shall  be  indicated  as  the 
"directing  gun."  To  the  carriages  of  the  other  guns  to  be  fired  with 
it  in  volley  a  table  should  be  attached  giving  the  differenceof  angles  to  be 
laid  off  in  order  to  obtain  concentration  of  fire  at  different  ranges.  Thus 
when  a  given  angle  is  noted  on  the  traverse  circle  of  the  directing  gun 
the  jninuers  of  the  other  pieces  will  add  or  subtract  from  this  angle  the 
aiLount  required  for  the  i)roposcd  range  of  the  volley. 

To  insure  parallelism  of  all  angles  on  traverse  circles,  it  is  proposed  to 
maice  the  initial  zero  line  a  true  north  and  south  line,  the  zero  being  at 
the  north  and  the  readings  being  continuous  to  360^,  to  avoid  chances 
of  a  gun  being  traversed  to  the  right  when  left  was  intended,  and  vice 
rem.   It  will  also  simplify  nee«led  directions  to  cannoneers. 

Tiie  ruling  of  this  paper  is  north  and  south  (meridian  line),  north  being 
toward  left  margin.    Three  examples  fire  indicated  : 


-^- — 


V 


X 


\ 


**v 


--  -  - i>^ !!^ 


f^f 


-,-^ 


To  snccessfully  execute  such  firing  it  will  be  necessary  to  point  the 
airectiug  gun  some  distance  in  advance  of  the  moving  target  in  the  line 
0'  its  probable  motion,  and  give  time  for  the  placement  of  the  other 
8JJ^8  iu  corresponding  directions.  The  gunner  of  the  directing  gun 
«'0^V8  on  his  sight  for  wind  and  drift  and  the  displacement  of  the  vessel 
<»nriug  lY^Q  probable  time  of  flight  plus  a  small  period  of  time  which 
^Pttrience  has  indicated  is  requisite  for  the  gunner  to  remove  his  sight 
^^  the  gun  and  get  out  of  the  way.    Having  so  adjusted  his  sights 
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when  the  target  is  on  the  medial  line  of  sight  he  touches  a  key,  which 
is  connected  with  an  electrical  firing  current,  so  that  the  circuit  may  be 
closed  at  the  expiration  of  the  x)eriod  fixed  upon. 

In  the  telescopic  sights  being  constructed  the  gunner  is  afforded  tb< 
means  of  ascertaining  within  a  few  seconds  the  angular  displacemenl 
of  a  moving  target  during  the  probable  time  of  flight  of  the  projectile 
expressed  in  terms  of  the  deflection  scale  graduations. 

The  graduation  of  the  traverse  circles  will  be  valuable  for  use  » 
night  and  when  the  field  of  view  is  obscured  to  the  gunners  by  smok^ 
or  otherwise. 

This  involves  a  perfect  system  of  range-finding  in  connection  witi 
dividing  a  harbor  into  suitable-sized  squares,  &c.  Such  work  caiino 
be  done  successfully  except  with  carriages  so  perfect  that  when  rai 
fully  *'in  battery"  the  gun  shall  invariably  occupy  the  same  relatir 
position.    (See  Appendix  B.) 

TIMES  OF  FLIGHT. 

The  times  of  flight  were  taken  at  first  with  the  Aubnmdale  sto 
watches,  giving  readings  to  one-eighth  of  a  second.  Having  been  a£ 
sured  that  watches  reading  to  one-tenth  of  a  second  could  be  obtained 
no  immediate  purchase  was  made,  although  authority  had  been  grants 
by  the  Chief  of  Ordnance  for  the  purchase  of  two.  Meanwhile  the  mac 
ufacturers  (Auburndale  Watch  Company)  had  failed,  and  the  eighth 
of-£iecoi)d  stop  watches  had  to  be  returned.  Efforts  are  still  bein 
made  to  secure  the  tenth-of-second  stop  watches. 

It  became  apparent  that  times  of  flight  obtained  by  stop  watche 
alone  (except  by  experts)  were  not  always  reliable  or  uniform,  as  a 
much  d(*pended  upon  the  personal  equation  of  the  observer  and  tli 
immediate  surrounding  conditions. 

The  difficulty  lay  principally  in  obtaining  the  initial  moment.  Fc 
this  reason,  where  the  firing  is  by  electricity,  and  particularly  if  a  vo 
taic  firing  battery  is  used,  the  times  can  best  be  attained  by  a  clocl 
work  or  register,  the  initial  moment  being  determined  by  the  breakia 
of  the  circuit  of  the  electrical  primer,  and  the  final  movement  by  an  ol 
server.  The  results  will  be  more  reliable  if  this  observer  is  located  s 
some  ilistanre  from  the  gun.  His  momentary  x>ersonal  equation  loa 
be  re<»istered  each  time  upon  seeing  the  fla^sh  of  the  gun,  and  thusffc 
ford  a  correction  for  the  time  of  record  of  the  last  event.  Whilst  tli 
small  element  of  time  involv^ed  may  not  be  of  much  practical  importaoc 
for  ordinary  firing,  it  is  of  value  in  the  study  of  the  phj^sical  phenomen 
involved  and  securing  correct  conclusions  which  may  be  useful  forol 
taining  increased  accuracy. 

RANGE-FINDING. 

The  ranges  were  obtained  by  means  of  the  plane-tables  located  iie> 
the  flag-staffs  of  Forts  Wadsworth  and  Hamilton,  thus  giving  a  ba^ 
line  of  2,151  yards. 

The  stations  were  connected  with  each  other,  and  a  station  near  tl 
guns  fired  by  a  telephone  line.  The  plane  tables  were  designed  an 
made  at  this  post,  the  Ordnance  Department  having  furnished  the  n»* 
terial  and  authorized  the  expenditure  for  the  brass  arcs  and  alidades.  - 
description  and  sketch  of  the  plane-tables,  &c.,  by  Lieut.  A.  C.  Bind 
Fifth  Artillery,  is  given  in  Appendix  A. 

The  plane-tables  being  in  exposed  position,  without  shelter,  it  was  « 
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times  exceedingly  UDCpmfortable  for  those  operating  them,  and  the 
maximum  accaracy  coald  not  be  expected,  particularly  when  the  wind 
was  blowing  from  40  to  50  miles  per  hour,  the  temperature  being,  be- 
sides, relatively  low.  Whilst  it  was  extremely  desirable  to  obtain  data 
under  these  exceptional  conditions,  it  was  not  to  be  expected  that  it 
shoald  be  as  accurate  as  it  would  otherwise  be,  ol*  if  the  observer  were 
properly  sheltered.  The  following  incident  wifl  illustrate  the  disadvan- 
tai;e  ander  which  some  of  the  observations  were  made : 

The  plane-table  weighs  103  pounds.  Arrangements  are  attached  for 
clamping  it  to  the  stand  upon  which  it  is  mounted,  but  owing  to  its 
great  weight  and  stability  under  usual  conditions  this  was  ordinarily 
omitted.  On  November  6  the  wind  was  blowing  about  50  miles  per 
Lour,  with  occasional  gusts  of  even  greater  velocity.  The  table  was 
suddenly  raised  from  its  pintle  by  one  of  these  gusts,  lifted  some  dis- 
tance into  the  air,  and  dropped  into  one  of  the  adjacent  trees  without 
injury.  The  alidstde  which  was  lying  on  it,  however,  was  seriously  in- 
jured. 

In  view  of  this,  of  the  desirability  of  being  able  to  work  under  adverse 
conditions  of  w«»ather,  I  would  respectfully  recommend  that  a  suitable 
housing  be  constructed  for  the  plane-table  stations.  This  would  be 
nseful  not  alone  for  the  firing  observations,  but  also  for  tracking  ves- 
sels, to  which  reference  will  bo  made  hereafter.  A  suitable  covering 
will  make  it  less  difficult  to  use  the  telephones,  which  were  hardly  audi- 
ble when  a  wind  was  blowing. 

MEANS  OF  COMMUNICATION. 

The  telephones  used  were  both  the  Signal  Service  Crown  telephones 
and  the  Bell  telephones,  with  Blake  transmitters.  These  last  gave  the 
best  results.  But  for  this  work,  when  it  was  desirable  to  transmit  in 
«uch  manner  as  to  leave  no  room  for  doubt,  the  telephones  were  not  ol- 
▼ays  8atiafactor3\  It  is  important  to  transmit  in  such  manner  as  to 
leave  a  permanent  record.  It  is,  therefore,  proposed  to  experiment  with 
*  pair  of  Welch  &  Anders's  printing  telegraph  machines,  and  a  pair  of 
ordinary  Morse  registers.  These  printing  telegraph  instruments  are 
<>Perate(l  by  means  of  a  dynamo  worked  by  a  treadle.  They  are  similar 
to  a  sewing-machine  in  mounting  and  appearance,  and  have  a  key- board 
ror  transmitting.  The  messages  are  printed  at  receiving  stations.  The 
telegfrapljic  communication  facilities  between  the  two  ]K)Sts  are  due  to 
the  Baltimore  and  Ohio  Railroad  Company,  which  has  three  seven-core 
^ble8  laid  at  the  "  Narrows,''  the  terminal  landings  in  the  Government 
^^rvation.  In  view  of  this  the  company  has  given  for  our  exclusive 
^^  one  core.  Besides  this  they  have  put  up  for  us  a  large  proportion 
of  the  telegraph  lines  needed,  not  alone  for  the  transmission  of  angles, 
^^t  also  for  use  in  connection  with  anemometers,  &c. 

TBACKINa-YESSEL  DRILL. 

The  necessity  for  tracking-vessel  drills  as  a  preparation  for  firing 
^ork  was  made  apparent  by  the  delays  occurring  at  times  in  the  raiige- 
nnding.  It  is  respectfully  recommended  that  frequent  exercises  be  held 
^  ^^ackiug  vessels  and  judging  distances.  (See  Appendix  B.)  These 
p^rcises  are  not  alone  valuable  in  themselves,  but  afford  excellent 
''faming  for  rapid,  practical  work  in  range-finding  during  firing. 
^Ppendices  C  and  D  give  methods  of  work  for  tracking  vessels  and 
^^ge  finding  during  artillery  practice. 
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It  will  be  extremely  useful  In  coDuection  with  the  iustruction  in  this 
work  to  give  the  instruction  in  the  use  of  the  Pratt  range-finder,  com- 
paring the  results  obtained  with  those  obtained  by  the  plane-tables. 

Notwithstanding  the  few  exercises  had  in  tracking-vessel  drills  con- 
siderable aptitude  and  skill  was  displayed  by  some  of  those  ijarticipat- 
ing.  On  one  occasion  at  least  sixty  consecutive  observations  were  ma(ie 
within  thirty  minutes,  an  average  of  one  observation  for  each  (30)  thirty 
seconds.  This  will  be  better  appreciated  when  it  is  understood  that 
each  complete  observation  involves  the  reading  and  transmission  from 
the  auxiliary  to  the  plotting  station  by  telephone  of  an  angle,  its  plot- 
ting on  the  plaue-ta'jle  of  the  plotting  station,  recording  angles,  and 
noting  time  and  range. 

DEVIATION  OBSERVATIONS. 

As  the  splash  made  by  a  shot  upon  striking  water  is  sometimes  verr 
large  and  variable,  the  locus  obtained  by  the  two  observers  does  uot 
always  accord  in  direction,  relative  t-o  the  line  of  fire,  with  that  seen  in 
rear  of  the  gun.  A  transit  was  therefore  placed  as  nearly  in  rear  of 
the  gun  as  possible.  In  no  single  instance  did  the  shot  strike  so  far 
out  of  the  line  as  to  pass  out  of  the  field  of  the  transit  except  wheu  tlie 
projectile  tumbled. 

A  transit  is  being  constructed  for  our  use,  the  purchase  having  been 
authorized  by  the  Chief  of  Ordanance.  It  is  proposed  to  place  a  gradu- 
ated diaphragm  in  the  eye-piece,  so  that  the  observer  can  read  directly 
the  amount  of  deflection  without  necessity  of  moving  the  instrument  or 
stopping  to  read  external  graduations.  This  diaphragm  is  removable, 
and  will  not  interfere  with  the  ordinary  uses  of  the  instrument.  The 
graduation  will  be  in  spaces  o'f  3  minutes  27  seconds,  equivalent  to  .001 
of  range.  The  observer  will  be  able  to  estimate  values  of  intermediate 
points. 

EXECUTIVE  AND  BECOBD  BLANK  FOEMS. 

To  facilitate  the  executive  work  involved  during  the  artillery  practice, 
ami  to  insure  accurate  compilation  of  the  physical  data  obtained  by  the 
different  observers,  as  well  as  to  secure  finally  correct  record  of  all  the 
events  involved  for  future  study,  the  following  blank  forms  were  pre- 
pared, viz  (see  Appendix  E) : 

No.  1.  Memoranda  for  the  comnianding  officer  of  the  details  of  the  proposed  fiiiii>5* 
No.  2.  InHtrnctions  to  the  post  quartermaster  of  services  and  material  required  fmtti 

his  department. 
No.  3.  Instrnctions  to  the  post  ordnance  officer  of  the  guns,  ammunition,  and  m**' 

terial  required. 

No.  4.  Details  required  from  a  hattery. 

No.  5.  Data  to  he  noted  hy  officer  in  charge  of  gun. 

No.  H.  Deviation  observations  of  transit  in  rear  of  gun. 

No.  7.  Wind  veh>cities  and  direction  corresponding  to  each  round. 

Nj».  8.  PIane-tai>le  angles  during  firing.  , 

No.  9.  Plane-table  angles  of  the  firing  pertaining  to  each  battery,  and  transmit't**^ 

to  battery  commanders  at  the  close  of  the  season's  tiring  for  plotting.  ,   _ , 

No.  10.  Plane-table  angles,  range,  time,  and  speed  record  for  tracking-vessel  dri**^* 
No.  11.  Judging  distance  and  spewed.  ^ 

No.  12.  Memoranda  furnished  by  officer  supervising  firing  to  officers  in  chargT^ 

guns,  giving  details  of  ranges,  probable  elevation,  wind  velocity  and  direction,  «Sc^*^*' 

requisite  for  pointing. 
No.  13.  Card  of  instruction  reganling  deflection  allowances  for  wind,  &c.  ^^^ 

No.  14.  Form  of  firing  record,  both  of  book  and  for  transmission  to  Chief  of  Ordii'*'** 
No.  15,  Judging  velocity  of  wind. 
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The  following  circular  was  issued  with  reference  to  the  companjr 
xecorda,  &c. : 

Fort  Hamilton,  Nkw  York  Harbor, 

DecembfT  2ly  1883. 

[Artillery  Circalar  No.  1.  J 

1.  Records  of  artillery  firio^  to  be  trauHUiitted  by  battery  commanders  will  coiiforii> 
^'ilh  the  form  furnisfaeil  for  that  purpose. 

The  battery-firing  record  book  should  ali*o  be  modified  so  as  to  embody  the  form 
ami  data  as  given.  ThecoluranH^No.  of  fire"  and  *•  remarks"  are  to  be  omitted  from 
the  records  copied  in  book.  After  the  records  pertaining  to  a  single  day's  tiring,  va- 
cant lines  Mhoiild  be  left  for  such  remarks  as  may  be  necessary  to  complete  the  his- 
tory of  the  day's  work,  including  all  incidents  which  are  connected  with  the  extra- 
neous data  obtained  ;  behavior  of  the  guns,  carriages,  and  projectiles.  In  this  are  to- 
be  inclnded  remarks  as  to  mr»dilications  of  means  or  methods  which  suggest  them- 
ielveuto  battery  commanders  as  a  result  of  the  day's  experience. 

II.  The  observe*!  angles  pertaining  to  the  firing  of  your  battery  are  hereby  trans- 
mitted. The  firing  will  be  plotted  by  means  of  these  on  the  tracking- vessel  charts, 
which  are  also  transmitted  herewith. 

Care  should  be  taken  to  distinguish  on  the  plot  the  firings  of  diiferent  days  by  dif- 
ierence  in  character  of  marks  represeuting  the  shot.  This  is  particularly  important 
where  the  firing  is  at  targets  nearly  in  same  location.  The  use  of  red  and  black  ink 
iAsnggested  for  this  pnrpose,  as  well  as  difference  of  shape  of  marks,  such  as  circles^ 
Bqoares,  aod  triangles.  Each  shot  should  be  marked  with  the  number  of  daily  fire, 
eare  beiug  taken  to  make  this  distinct.  The  mean  position  of  target  should  be  indi- 
cated by  a  rectangle  of  about  half  an  inch,  witli  date  of  firing  within. 

III.  The  lines  of  fire  should  be  given  by  a  dotted  red  line,  and  the  general  direc- 
tion of  the  wind  indicated  by  an  arrow  crossing  it.  Where  the  wind  changed  a  num- 
Wof  times  a  nnmber  of  arrows  should  be  so  marked,  indicating  on  same  in  red  nu- 
merals the  limits  of  the  round  to  which  they  pertain. 

GENERAL  BEMABES. 

It  will  be  seen  from  the  foregoing  that  much  careful  work  is  required 
in  order  to  obtain  the  maximum  benefit  from  the  firing  practice.  It 
demands  a  perfect  coordination  of  work  from  a  large  number  of  indi- 
viduals, and  the  systemization  of  all  details. 

It  necessarily  entails  a  considerable  tax  upon  the  resources  of  a  gar- 
rison and  may  interfere  at  times  somewhat  with  its  ordinary  routine, 
it«  infantry  drills,  and  small-arms  target  practice.  If,  howev^er,  we  are 
to  be  artillery,  in  fact  as  well  as  in  uniform  and  of&cial  designation,  other 
Jjork  should  be  subordinated  to  "  artillery  practice  and  instruction." 
Tliis,  to  be  thoroughly  done,  to  bring  ourselves  up  to  the  requirements 
^inodern  warfare,  demands  constant  work,  instruction,  and  study. 
VWlst,  it  is  true,  we  are  lacking  in  modern  appliances  as  to  guns,  car- 
"^ges,  ammunition,  &c.,  these  will  be  forthcoming,  if  we  exert  ourselves 
sufficiently. 

^^  least  single  typical  guns  and  carriages  with  suitable  ammunition 
*Dd  appliances  may  be  secured  for  a  post  pertaining  to  each  artillery 
J^^'nent  These  posts  could  be  made  *'  regimental  schools"  of  applica- 
Y^  and  instruction  and  the  companies  thereat  occasionally  changed, 
j^n  increase  of  the  garrisons  at  these  posts  will  make  it  more  easily 
Practicable  to  carry  out  a  thorough  course  of  instruction  whilst  increas- 

^  t;he  number  participating  in  the  advantages, 
efll  •   '^^  increase  both  the  corps  and  regimental  esprit  de  corps  and 

2g^  ^  iiQw  becomes  necessary  that  all  noncommissioned-officers  and  ar 
^^^?Proportion  of  privates  shall  receive  considerable  technical  iustruc- 
fere      y^'^^  infantry  drill  and  the  manuals  of  the  piece.    It  would  there- 
appear  desirable  that  they  should  be  selected  men  and  placed  on  the 
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same  footing  as  to  pay  and  classification  as  the  enlisted  men  of  the 
Engineer  Corps  and  Ordnance  Department. 

Besides  the  work  pertaining,  directly  to  the  manipulation  of  the  gnns, 
non-commissioned  officers  and  some  of  the  more  intelligent  privates 
should  be  instructed  in  the  outlines  of  electricity,  in  its  application  to 
telegraph  and  telephone  lines  and  firing  batteries,  in  receiving  and 
transmitting  messages  by  telephone  and  key  and  sonnders,  in  trans- 
mitting and  receiving  messages  by  flags,  particularly  in  receiving  mes- 
sages, in  the  use  of  plane-tables  and  other  instruments,  &c. 

It  was  the  lack  of  instructed  men  which  hampered  us  in  the  work 
just  closed  and  delayed  the  obtainment  of  results  as  to  range,  &c.,  as 
rapidly  as  would  be  demanded  for  eflfective  service. 

Referring  to  the  importance  of  the  special  instruction  and  traiolDg' 
which  should  be  given  to  artillerymen,  the  following  extracts  from  thd 
royal  artillery  instruction,  gold  medal  prize  essay  of  1882,  on*'Th^ 
Training  of  Garrison  Artillery  for  the  Attack  and  Defense  of  Fortresses,^ 
by  Col.  H.  A.  Smyth,  R.  A.,  are  given : 

[Extract  1 

The  ariuauient,  of  which  the  practical  handling  and  application  belong  to  the  Brit- 
ish ffarrison  artillerymen,  comprehends  the  whole  of  the  service,  ordnance — fruni  the 
machine-gun,  the  Coehorn  mortar,  and  the  7-poander  of  150  pounds  weight,  ap  to  the 
17.72-inch  gun  of  100  tons,  also  rockets  and  hand-grenades.  The  anthorized  lists 
show  48  kinds  of  rifled  pieces  and  fifty  of  smooth-bore,  including  both  muzzle  and 
breech  syste.ms  of  loading ;  their  animuoition  is  of  diverse  forms,  and  includes  21  sorts 
of  fusen  and  10  sorts  of  gunpowder ;  and  the  carriages  from  which  they  are  to  be  fired 
vary  according  to  the  natare  and  purpose  of  each  piece,  nnder  seven  separate  prin- 
ciples of  construction.  Besides  these  fighting  carriages,  special  transporting  carriages 
or  apparatus  in  like  v^ariety  are  necessary  for  all  the  heavier  pieces  employed  in  for- 
tress warfare ;  also  special  machines  for  shifting,  mounting,  and  moving  them,  to- 
gether with  instruments  and  material,  in  tackles,  timber,  and  iron,  for  the  conveni- 
ent application  of  ^he  primary  mechanical  powers. 

Further,  the  charge  and  service  of  magazines,  ammunition,  and  stores;  the  labora- 
tory duties;  the  use  of  range-finders,  telescopes,  telephones,  and  field  telegraphs;  the 
judgment  of  distances  and  of  effect  of  fire ;  the  handling  and  restoralion  of  platfonp^ 
recoil  wedges,  hydraulic  buffers,  and  anchorages ;  even  the  dealing  on  occasiou  with 
horses  and  their  harue8s,  boats  and  their  gear  (and  in  this  iron  age),  the  eqnipiuent 
of  rail  and  tram  ways,  all  fall  within  the  office  of  the  complete  garrison  gunuer. 

The  readiness  in  combined  movements  and  the  state  of  discipline  demanded  from 
the  garrison  artillerymen  (under  the  second  function  of  training  noted  above)  incla*!* 
competency  for  loug'marches,  prompt  action,  and  precise  formations ;  also  ex^Mxlitiott* 
execution  of  his  co-operative  part  in  any  station,  in  any  of  the  parties  serving  tb« 
weapons  and  mschines,  above  indicated.     If  each  man  can  be  relied  on  to  perform  his 
particular  duty  by  day  and  by  night,  under  all  adversity  of  circumstances,  whether 
•of  heat,  cold,   wet,  privation,  difficulty,  discouragement,  confusion,  excitement,  p^ 
danger  fr«)m  within  or  without,  according  to  the  orders  of  tbe  officer  or  non-comm*^ 
sioncd  officer  in  immediate  charge  of  the  party,  then  such  officer  may  direct  with  cer- 
tainty the  action  of  the  unit  he  commandsin  just  concert  with  that  of  others  couf<>^' 
ably  to  the  instructions  he  may  have  received;  and  thus  only  may  each  unit  fill  *" 
proper  place  in  that  scheme  of  ascending  responsibility  by  adherence  to  which  »^^ 
army,  complete  in  its  manifold  parts,  becomes  capable  of  working  as  one  whole  to 
earry  out  the  purpose  of  ils  general. 

The  mention  of  one  particular  item  of  armament  has  been  relegated  to  this  P^'J-jl 
because  the  weapon  is  often  held  I o  pertain  at  least  as  much  to  the  disciplinary     ^igj 
eation  as  to  the  service  equipment  of  garrison  artillery,  viz,  the  carbine,  or  ^^•^. 
rifled  small-arm,  to  be  borne  by  each  individual,  as  is  the  regular  musket  in  tU^  ^ 
Gantry. 

Concerning  this  weapon  it  in  to  be  observed  that  the  circumstances  are  hardly  *^  -^^ 
ceivable,  in  fortress  warfare,  wherein  it  could  be  desirable  for  the  gunner  to  Vl^f^^^ 
from  the  service  of  the  guns  and  employ  his  carbine  against  the  enemy.  In  the  ^^\ji< 
ests  of  the  interior  economy  of  camps  and  garriHons  it  may  be  well  that  he  tit^^^^o. 
<still  undertake  the  ordinary  guard  of  his  own  quarters,  parks,  magazines,  &.c.  « 
for  such  matters  of  convenience  the  establishment  of  a  very  small  i)i*oportion  of 
biDea  with  the  headquarters  of  each  battery  would  provide  ;  but  in  the  affairs  oC 
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the  law  that  the  artilleryman  best  serves  the  purpose  of  the  whole  to  which  be  belougs 
by  giving  himself  over  completely  to  his  artillery  duties,  assured  of  just  protection 
taeroin  by  the  action  of  the  other  arms,  must  be  paramount. 

If,  then,  the  artillery  carbine  comes  to  be  recognised  as  an  instrument  for  the  pur- 
poses, not  of  active  service,  but  rather  of  domestic  traiuing  (inasmuch  as  there  re- 
sults from   its  exercises  and  custody  and  carriage  in  parades  aud  in  maneuvers 
"With  other  troops,  a  fairly  evident  effect  on  the  bearing  and  apparent  discipline  of 
the  iodividual),  it  must  be  expected  that  the  kind  of  spirit  developed  by  its  use  will 
prove  to  be  more  suitable  to  the  routine  of  })eace-time  than  to  the  stresses  of  war. 
Traditional  custom  in  the  matter  of  supervision  would  uu  doubt  undergo  some  de- 
nD)^inent  by  the  general  withdrawal  of  the  carbine  from  the  garrison  artillery  ; 
marcbiug  past  would  be  less  effective  to  the  eye  than  heretofore;  periodic  inspection 
would  see  the  gunners  '*ou  the  guns''  rather  than  '^  under  arms,"  iu  the  reality  of 
shell  practice  rather  than  in  the  dumb-show  of  musketry  exercises;  but  the  display 
of  ability  would  be  more  genuine,  the  effect  more  practical,  and  the  men,  relieved 
from  supererogatory  lessons,  would  devote  a  fuller  and  heartier  energy  towards  the 
nuutery  of  their  proper,  most  weighty,  yet  sometimes  more  lightly  regarded,  duties. 
So  the  garrison  artillery,  a  special  arm  of  fortress  warfare,  would  indeed  become 
leM  ioterchangeable  with  other  arms  as  it  progressed  in  the  developments  of  its  own 

SDcaliar  powers;  following  therein  the  universal  order  of  evolution,  by  which  all  the 
ranches  f^om  a  parent  stem,  the  more  they  advance  toward  perfection,  become  the 
more  definitely  distinct. 

ThroQghoat  the  firing  interruptions  due  to  vessels  passing  near  the  line  of  fire 
Mldom  exceeded  five  minutes. 

MILITIA  ARTILLERY    INSTRUCTION. 

Ag  in  case  of  foreign  war  the  first  troops  required  would  probably  be 
ft  larger  number  of  artillerists  than  could  be  provided  by  the  Regular 
Army,  it  becomes  incumbent  upon  us  to  interest  the  militia  of  seaport 
towns  in  this  work  with  a  view  of  some  organization,  now  infantry,  be- 
coming heavy  artillery.  For  this  reason,  wheuever  practicable,  the 
presence  of  officers  of  the  National  Guard  was  invited,  and  quite  a  num- 
l^r  were  from  time  to  time  present  at  our  firing  and  appeared  to  be  in- 
terested in  the  work. 

SUMaiARY  OP  RECOMMENDATIONS. 

1*  Construction  of  suitable  housings  for  plane-tables. 
.  2*  Frequent  tracking  vessel  drills  for  the  instruct^ion  of  non-commis- 
sioned ofiicers  and  intelligent  privates.  Where  a  sufficient  number  have 
^me  proficient  in  this  for  work  in  day-time,  practice  in  work  at  night. 
Jractice  with  the  Pratt  range-finders  in  connection  with  tracking- vessel 
drills;  also,  judging  distance  exercises. 

3.  Instruction  of  non-commissioned  officers  and  intelligent  privates  in 
^nding  and  receiving  messages  by  flags  and  torches,  by  telegraphic 
Keys  and  sounders,  and  by  telephones.  In  connection  with  this  a  course 
01  elementary  lectures  on  so  much  of  electricity  aud  magnetism  as  it  is 
^ecesBary  to  know  in  the  use  of  telegraph  and  telephone  and  manipula- 
^^^of  electrical  firing  appliances  would  be  desirable. 

We  have  officers  fully  competent  to  prepare  and  give  them. 

*'  ^ormaneut  anchorages  for  targets. 

0.  Graduation  of  traverse  circles. 

^ar  thanks  are  due  to  the  following  gentlemeu : 
^ea^rs.  Stewart  and  Price,  superintendents  of  the  Baltimore  and  Ohio 
^J^oadCompanv's  telegraph  lines,  for  assistance  in  constructing  lines. 
.  ?lr»  0.  A,  Hotchkiss,  general  agent  of  the  Day  Kerite  Company,  for 

^jjS  cables  given  for  our  experiments. 

«ir,  Humistone,  superintendent  of  the  Western  Union  Telegrapli  Com- 
P  ^y?  for  tl^c  loan  of  two  Morse  regiati^rs. 
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Mr.  Welch,  of  Boston,  for  the  loan  of  two  Welch  &  Anders  printiog 
telegraphs. 

To  the  Bell  Telephone  Company  for  the  loan  of  telephones  and  trans- 
mitters. 

DESCRIPTION  OF  PLANE-TABLES  USED  AT  THE  "NARROWS,"  NEW  YORK 
HARBOR,  FOR  TRACKING-DRILL  AND  SHOT-PLOTTING. 

[See  sketch  by  Liout.  A.  C.  Hliiut,  Fifth  Artillery.] 

(Fig.  3  of  Plate  II.) 

The  tables  proper  are  rectangular,  72  inches  long  by  48  inches  wi(^^ 
and  are  constructed  of  hard  wood,  2  inches  thick,  with  every  precautL^:>fl' 
against  shrinkage  and  warping,  being  carefully  braced  and  grooved* 

On  each  table  is  a  brass  arc  122  degrees  iu  amplitude  constructed 
with  a  radius  of  1  meter  (39.3708  inches),  braced  by  two  brass  rad/a/ 
arms,  and  sunk  into  the  wood  so  as  to  be  flush  with  its  surface,  but  not 
aifected  by  its  expansion  or  contraction.  The  arc  is  graduated  to  de- 
grees and  half  degrees,  numbered  at  5  degrees  and  10  degrees;  these 
graduating  lines  are  radial,  1  inch  in  length,  bounded  by  two  coDcen- 
trie  circles,  cut  in  the  brass  arc.  The  zero  radius  of  the  arc  is  parallel 
to  one  long  side  of  the  table.  The  alidade  is  of  bra^s,  the  rear  sight  over 
the  center  of  the  arc  A,  thp  alidade  being  pivoted  there.  The  front 
^ight  is  a  little  outside  the  arc,  about  40  inches  from  the  rear  sijjhtj*. 
One  edge  is  in  the  pUne  of  the  line  of  sight;  this  is  beveled  and  grad- 
uated to  millimeters,  beginning  at  the  center.  Wiiere  this  edge  crosses 
the  arc  I,  a  diagonal  vernier  V,  cov^ering  a  half  degree,  is  used,  reailing 
to  minutes  on  the  arc  by  the  intersection  of  the  radial  degree  and  half 
degree  lines  with  the  30  division  of  equal  i)arts  of  the  vernier  V.  The 
vernier  is  adjustarble  by  means  of  the  screws  attaching  it  to  the  ali- 
dade. 

Around  the  edges  D'  1)"  D'"  are  three  pieces  2  inches  thick  and  3 
inches  wide.  The  grain  of  the  end  and  side  pieces  is  in  thi*  direction 
indicated  by  the  arrows.  The  end  pieces  D'  D'"  are  fastened  by  screws 
to  the  width  of  the  board  nearest  the  prolongation  of  the  zero  line  of 
graduation.  They  are  fastened  by  screws  to  the  other  marginal  piece 
D",  and  are  grooved  so  that  the  interior  boards  of  the  table  may  ex- 
pand and  contract  without  affecting  the  pDsition  of  the  marginal  grad- 
uation. The  piece  D"  is  screwed  to  the  cross  pieces  d  d  d  d.  These  cross 
pieces  are  firmly  screwed  to  the  board,  nearest  the  zero  radial  arm  of 
the  arc,  but  at  other  points  of  the  board  the  holes  for  the  screws  are 
slotted  to  permit  the  boards  to  expand  and  contract.  An  opening  of 
•0.5  inch  is  left  between  the  boards  of  the  table  and  D"  to  admit  of  the 
<;ontraction  and  expansion  of  the  boards  without  disturbing  the  posi- 
tion of  D"  relatively  to  the  zero  line. 

All  the  boards  composing  the  table  were  thoroughly  seasoned.  The 
tables  were  covered  with  several  coats  of  oil  and  then  shellacked. 

On  these  three  edges,  D'  D"  D'",  a  strip  of  brass  0.5  inch  wide  is 
countersunk  so  as  to  be  flush  with  the  table.  On  theOo  bnwsxadins, 
at  the  exa<it  distance  of  the  other  station  according  to  the  adopreii 
^cale,  viz,  1  millimeter  =  4  yards,  is  a  thumb-screw  B  showing  the  loca- 
tion of  the  other  station  when  the  0^  of  the  arc  is  sighted  on  the  sta- 
tion through  the  alidade.  With  the  screw  B  as  a  center,  the  brass 
strip  is  graduated  in  5-inch  spaces  to  122^,  the  0^  of  this  graduation 
heiDg  coiueident  with  180  degrtes  oil  tVie  are.  graduation.    This  work 
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was  done  by  x>laciiig  the  0  degrees  of  both  arcs  ia  the  same  right  line, 

passiug  through  the  centers,  the  point  A  of  the  auxiliary  arc  being 

placed  over  the  point  B  of  the  other.     The  graduations  of  the  auxiliary 

arc  are  then  protracted  to  the  edges  of  D'  D"  D'",  and  smaller  divisions 

cut  in  by  interpolations.     By  this  means  the  graduation  of  the  strip  on 

each  table  is  tlie  prolonged  reproduction  of  the  arc  on  the  other  table, 

the  only  source  of  variation  between  these  being  the  possible  slight 

curvature  of  the  brass  used  in  producing  these  lines,  which  error,  if 

any,  is  constant. 

So  at  either  table,  after  adjusting  each  0  ilegree  to  sight  on  the  other 
station,  the  exact  angle  taken  at  the  other  on  any  point  may  be  repro- 
duced by  using  a  thread  from  the  screw  center  B  to  the  given  angle 
on  the  corresponding  graduation ;  the  intersection  of  this  line  with  the 
alidade  sighted  at  the  same  point,  at  the  same  time,  will  give  its  exact 
location  at  that  time. 

Tiie  table  is  mounted  on  a  cross  (X)  frame  and  clamped  to  it  by  an 
eccentric  lever,  so  that  after  adjustment  it  will  not  move.  The  frame 
and  the  table  are  leveled  by  four  leveling  screws,  fitting  into  leveling 
screws  in  the  cross-arms  and  into  sockets  in  the  stand — an  ordinary 
table  stand  about  3  feet  high  with  four  legs,  with  braees  and  a  siielf. 
This  stands  on  a  roughly  leveled  board  platform — the  location  of  the 
station. 

No  matter  what  may  be  the  absolute  error  of  graduation  in  either  arc, 
the  metliod  above  given  of  reproducing  the  graduation  on  the  other 
table  insures  the  laying  olf  thereon  the  real  angle  to  the  object;  and 
as,  on  the  plotting  table,  the  angle  used  is  due  to  the  actual  position  of 
the  alidade  as  sighted  on  the  target  or  vessel,  the  locus  obtained  by  these 
intersections  will  be  correct,  both  as  to  position  and  range,  if  the  point 
B  ha«  been  correctly  i)laced  with  reference  to  A. 


MEMORANDA  REGARDINa  PRACTICAL   ARTILLERY  INSTRUCTION. 

I. — Rangk  and  position  finding. 

.  A  necessary  pveliiuitinry  to  eflfective  artillery  fire  is  rauge  and  position  finding.  It 
w  work  which  sbonld  be  performed  with  rapidity  as  well  as  precision.  The  bcbt  re- 
sult* can  be  obtained  only  bj'  considerable  practice  with  snitable  apidiances.  But 
frw  officers  and  men  are  required  at  any  one  time,  and  it  can  be  conducted  for  in- 
•tniction  at  timets  when  it  may  be  impracticable  to  do  other  artillery  work. 

Two  Qieibods  should  be  practiced:  one  by  regular  triangnlation,  giving  accuracy; 

J.i**'^f'^3'  the  use  of  varions  range-tinders,  giving  approximation. 

Thetirst  method  requires  the  establishment  of  two  fixed  stations,  for  plane-tables, 
**'W  apart  as  possible,  the  distance  between  them  being  accurately  measured.  The 
stations  ahould  be  connected  with  each  other  by  tidegraph  lines.  Where  not  prac- 
"Cjble,  owing  to  intervening  water  and  absence  of  a  cable,  the  ordinary  signal  flags 
*°J  *^l|reviation  code  can  bo  used.     (Sec  Appendix  B  ) 

okillin  aaing  this  method  may  be  obtained  by  •*  tracking"  vessels  after  the  manner 
practiced  at  the  torpedo  school  at  Willets  Point.  The  coarse  of  a  vessel  is  followed 
*nu  plotted  rapidly  upon  a  chart  containing  the  outlines  of  the  harbor.     Thns  the 

I5?|wte  ptjaition  and  distance  of  an  object  is  quickly  ascertained, 
of  tk  ^^^^^  upon  which  this  is  to  be  done  may  be  drawn  at  each  post  from  the  chart 
^n**  harbor  fnrnished  by  the  Engineer  Department.     Photolithographic  copies  of 
ch^*f  ^^^  ^**  "**y  probably  be  procured  from  the  Ordnance  Department.     A  copy  of  a 

*Jt 80 ppoc/ii ed  used  at  the  "Narrows," New  York  Harbor,  in  appended,  marked  E. 
'^  '*'''^  should  be  snch  as  to  include  the  areas  covered  by  the  fire  of  guns  of  niod- 
_,    con!.tr,„,f.i(,u      i^ije  „eale  of  the  map  referred  to  is  about  200  yards  to  the  inch., 
^°*j1^'m  tal  drawing  was  by  Uvuts.  A.  C.  Bhwt  and  S.  E.  Allen,  Fifth  \3mt*ra  §)\ate% 
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The  map  can  also  be  used  for  plottiug  the  firing.    The  auxiliary  arcs  are  u 
connection  with  the  border  graduation  and  the  diagonal  scale  of  chords  given 
legend.    Thus  neither  tables,  scales,  nor  protractors  are  required ;  a  pair  of  divide 
two  threads  sufficing  for  the  work. 

The  **  tracking 'Mrill  maybe  advantageously  made  also  a  judging-distunce 
Officers  and  non-commissioned  officers  being  present  at  one  of  the  plane-tables, 
the  coarse  of  the  vessel  is  plotted,  each  one  is  to  be  required  to  note  on  a  tab 
book  his  estimate  of  the  distance  of  the  vessel  at  the  moment  that  a  record  is  i 
The  estimate  of  the  rate  of  speed  in  yards  per  second  should  also  be  recorded,  a 
is  an  important  element  in  laying  a  gun  upon  a  moving  target.  The  distai 
measured  will  then  be  announced  and  noted  in  each  tablet  in  a  column  adjoinin 
estimate.  When  the  exercise  is  completed,  the  errors,  plus  or  minus,  are  to  ben 
A  convenient  form  for  this  work  is  given  in  Appendix  C.  A  table  of  the  spei 
yards  per  second,  corresponding  to  miles  per  hour,  is  ^iven  in  Appendix  D.  Ii 
be  seen  that  one-half  (0.5)  yard  per  second  for  each  mile  per  hour  gives  a  clos 
proximation  easily  remembered. 

The  second  method  is  by  the  Pratt  range-finder,  or  other  similar  range-fin 
With  practice,  excellent  results  can  be  raj[>idly  obtained  by  two  observers  wor 
together. 

The  gain  in  accuracy  of  fire  obtained  by  an  efficient  system  of  range  and  pos 
finding  is  shown  by  the  following  sketch,  copied  from  a  paper  by  Captain  Wat! 


B.  A.,  published  in  the  Royal  United  Service  Institution  Journal,     The  tiring  in 
instances  was  at  a  fioatiug  target,  the  position  of  all  the  shot  being  reduced  in 
plot  to  a  single  position  of  the  target. 

Practice  under  present  service  condition  shown  # 

Practice  with  the  aid  of  the  position-finder  shown  O 

This  plate  ia  also  given  on  page  12,  Ord.  l^ote  W^. 
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Iq  the  case  cited  the  target  was  towed  in  a  zigzag  direction^  at  rates  varyiDg  from 
^VQ  to  seven  Itnots  an  hour,  and  the  tiring,  noted  as  being  aided  by  the  ran^e  and 
position  fiuder,  was  can'M  on  with  the  target  invisible  to  the  gunners,  thus  assimilating 
the  conditions  of  a  smoke-covered  battle-tield. 

Asaramary  of  the  material  required  at  each  poet  is  given  in  Appendix  A. 

II. — Artillury  firing  practice. 

Owing  to  the  constant  presence  of  shipping  in  our  harbor,  bnt  little  long-range  ar- 
tillery firing  appears  to  have  been  prac-  iced.  The  principal  object  of  the  existence  of 
artillery  is  to  serve  and  fire  heavy  guns  effectively.  This  cannot  be  done  without 
much  practice.  It  is  therefore  better  to  wait  hours  for  opportunities  to  fire  than  not 
to  lire  at  all.  It  will  rarely  happen  that  opportunities  to  fire  will  not  present  them- 
sehes  in  the  course  of  a  day,  particularly  if  two  targets  are  placed  so  as  to  present 
somewhat  divergent  lines  of  fire.* 

The  available  guns  and  material  are  not  all  that  may  be  desired,  but  even  with 
tbeoe,  due  care  being  taken,  fair  results  may  be  obtained. 

It  18  to  V©  hoped  that  every  important  harbor  will  be  provided  with  at  least  one 
iniii  of  each  type  of  modern  construction,  with  suitable  carriages  for  same,  to  housed 
in  instmction  and  target  practice.  • 

Sbell-firing  should  not  be  permitted  on  account  of  the  uncertainty  of  the  available 
service  fuzes,  and  in  the  case  of  smooth-bores  the  irregular  scattering  of  sometimes 
large  pieces  of  the  wooden  sabots. 

Smooth-bore  mortar  tiring,  giving  frequently  erratic  results,  should  not  be  carried 

on. 

While  smooth-bore  shot  and  blind  shell  withont  sabots  may  bo  fired  from  barbette 
batteries  directly  «)ver  vessels  near  at  hand,  rifled  projectiles,  manufactured  during 
or  immediately  after  the  war,  shonld  not  be  so  fired,  as  they  are  likely  to  strip  and 
tnrable  irregularly.  For  this  reiison  the  latter  should  not  be  fired  when  vessels  are  in 
the  vicinity  of  the  li ne  of  fire. 

In  all  cases  the  ranges  should  be  such  as  to  pn'clnde  the  possibility  of  ricochets. 
Tlieueare  frequently  irregular  and  eccentric,  particularly  those  of  rifled  projectiles. 

The  present  regulation  allowance  of  ammunition  is  too  limited.  A  large  proportion 
^f  it  is  comparatively  obsolete  and  may  now  be  used  advantageously  only  in  target 
practice.  The  allowance  to  be  expend<*d  might,  therefore,  be  increased.  It  will  be 
loiind,  too,  that  the  regulation  allowance  at  some  posts  has  not  been  expended  in 
past  years,  on  account  of  the  appa]'eut  obstacle  presented  by  the  presence  of  shipping. 
Aa'hnrity  might  be  obtained  to  expend  the  accumulation  of  unexpended  allowances. 

Thereralations  pre8cril)e  firing  in  the  months  of  J.nne  and  September,  which  usnally 
present  the  most  favorable  atmospheric  conditions.  These  latter  play  a  very  impor- 
"'^t  r61e  in  affecting  accuracy  of  fire.  It  is  therefore  desirable  to  assign  a  portion 
of  the  firinjj  to  periods  when  the  conditions  are  varied,  and  even  as  unfavorable  as 
possible.  This  is  particularly  marked  in  winter.  As  the  season  when  an  enemy  may 
^ttack  cannot  be  assured,  tlie  periods  when  firing  practice  is  had  should  be  so  dis- 
'^bnied  as  to  include  extreme  variatitms  of  atmospueric  conditions.  The  firing  might 
^cll  be  quarterly,  assuring  one  period  in  winter,  at  times  when  the  thermometer  is 
"*jow  freezing  point,  and  one  each  in  April,  July,  and  November. 

In  order  to  increai^e  the  chances  of  making  the  first  fires  upon  an  enemy  effective, 
jw»re  the  view  is  obscured  by  smoke,  guns  will  probably  be  frequently  fired  in  volleys. 
j^is  therefore  desirable  to  practice  this  firing  from  five  to  ten  gnns  simultaneously 
Y  electricity.  The  volley  firing  shonld  be  carried  out  at  the  end  of  each  period,  the 
*«vation8,  &c.,  having  been  obtained  by  the  previous  practice.  In  this  practice  the 
^"atioRs  of  the  traverse  circle  maybe  advantageously  used  to  secure  concentration 
»nd  rapidity  of  fire. 

Ihe  graduation  of  the  traverse  circles  will  al.4o  bo  useful  in  making  deviation  allow- 
1  ^^  '<>r  wind  and  drift  where  only  the  old  service  sights  are  available.  At  least  two 
!         ^^pic  sights  shonld  be  obtained  for  each  post,  and  seats  for  the  same  applied  to 

(  (i«  •  '"^^tions  should  be  taken  of  the  velocity  and  direction  of  the  wind,  particularly 
8er""*  ^^^®  ^*°'*^  ^^  flight.  The  velocity  may  be  obtained  by  means  of  the  Signal 
fliar  tk  ***®n^ometer,  arranged  to  close  a  bell  circuit  each  tenth  of  one  mile.  Readings 
-,£..^^  be  obtained  within  short  intervals  of  time. 

•  to   ~"r — 

the«^'  *^^rbor  in  the  United  States  has  a  commerce  equal  to  that  of  New  York,  yet 
I/^  '^^g  practice  from  Fort  Hamilton  during  the  months  of  October  and  November, 
nptl^^  but  rarely  interrupted  by  the  vicinity  of  the  passing  ships,  and  snch  inter- 
^  Qever  exceeded  fifteen  minut-es. 
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The  foUowiug  table  will  be  foand  useful  in  takiug  these  readings: 


See. 


0. 

10. 

20. 

30. 

40 

50. 

60. 

70. 

80. 

00. 
100. 
110. 
120. 


2. 

3. 

4. 

180 

120 

90 

30 

28 

26 

16.4 

15.7 

15 

11.2 

10.9 

10.6 

8.6 

8.4 

&2 

7 

6.8 

6.6 

5.8 

5.7 

5.6 

5 

4.93 

4.86 

4.89 

4.34 

4.28 

3.91 

3.87 

3.«3 

3.53 

3.50 

3.46 

3.23 

3.19 

3.16 

2.96 

±9i 

2.9L 

Miles  per  hoar. 


5. 


72 

24 

14.4 

10.3 
8 

6.5 
5.5 
4.80 
4.  S3 
3.79 
3.43 
3.13 
2.8U 


60 
22.5 

13.8 

10 
7.8 
6.4 
5.4 
4.73 
4.20 
3.75 
3.40 
Xl9 
2.86 


7. 

s. 

50 

45 

21.2 

20.1 

13.3 

12.8 

9.8 

9.5 

7.7 

7.5 

6.3 

6.2 

5.3 

5.3 

4.67 

4.61 

fi 


4.14 
3.71 
3.37 
3.08 
2.84 


4.1U 
3.67 
3.33 
3.03 
2.M 


40 

J9 

It 

9. 

7- 
& 
au 
L 
4. 
3. 
3. 
3- 
2. 


The  dirpction  of  th«^  wiud  mav  be  obtained  by  uieaus  of  a  kit.e  attaohed  to  a  sni 
ably  graduated  dial.  Tliu  graduations  of  tbe  dial  Hbould  be  in  the  values  of  the  rec 
angular  components  with  reference  to  the  line  of  fire  rather  than  its  absolute  directi* 
with  reference  to  the  points  of  the  compass.  (See  A]>(ieudix  C  for  graduation  of  diali 
WhfU  the  wind  is  insutiicient  to  maintain  a  kite,  the  direction  may  be  obtained  eith 
with  ordinary  indated  toy  balloons,  or  else  by  careluUy  observing  the  direction 
passage  of  the  smoke. 

The  times  of  flight  should  be  carefully  not^ed  by  at  least  two  observers.  The  A 
burudale  stop-watches  are  excellent  and  inexpensive.  If  two  are  furnished  it  won 
bo  advantageous  to  have  one  a  **  split-timer,"  in  order  to  take  the  shortest  and  Ion 
est  t.iniHH  ofllight  in  volley  iiring. 

Readings  i»f  the  barometi'r,  the  tlieruiomet^'r,  and  hygrometer  should  be  tak 
occasionally  during  the  tiring  and  recorded.  The  readings  should  be  reduced  to  t 
weight  per  oulnc  foot  of  air. 

Each  shot  should  be  immediately  plotted  by  the  means  already  indicated,  and 
ranije  noted  befijre  another  gun  of  the  same  caliber  is  tired.     The  deviation  of  t 
projectile  should  be  not-ed  by  an  angle-metisuring  instrument  placed  as  nearly  in  re 
of  the  piece  fir.d  a»<  practicable. 

A  careful  and  minute  record  of  the  results  of  the  iiring  and  all  attendant  circu 
stances  should  be  kept  on  specially  prepared  forms.    (See  Form .) 

Copies  of  these  should  be  forwarded  to  department  lieadquartera  for  inspection  a 
consolidation  at  the  end  of  each  firing  period. 

A  method  should  be  devised  whereby  a  tiguru  of  merit  may  be  assigned  to  each  co 
mand  and  the  results  publiHhed. 

When  fairlv  ethcient  reMults  have  been  obtained  in  firing  at  a  fixed  target,  a  mo 
able  target  hhould  be  devised  and  practiced  at. 

Interest  in  the  work  may  possibly  be  stimulated  by  an  annual  competition  of  g 
detachments  from  each  post,  the  place  of  competition  alternating. 

III. — Mechanical  maneuvkrs. 


During  the  winter,  when  outdoor  work  is  impracticable,  officers  and  enlistetl  m 
should  be  instructed  in  various  rox)e-splicing  and  knots,  as  also  rigging  tackle.  ^ 
should  be  require<l  to  x)ractically  make  these  splices  and  knots  until  found  effici£ 
therein. 

At  least  once  during  each  year  each  battery  should  execute  all  possible  mechanic 
maneuvers  with  field  and  siege  guns  and  mortars,  and  should  have  mounted  a 
dismounted  a  gun  and  carritige  ofeach  caliber  under  15  inches,  both  in  barbette  » 
casemate  batteries ;  also  raised  and  lowered  these  from  the  parade  to  the  rampax 
At  posts  where  two  or  more  batteries  are  serving,  a  15-inch  gun  should  be  disnioani 
from  its  carriage  and  the  latter  removeil  fully  from  its  platform,  replaced,  and  "i 
gun  remounted.  It  should  also  be  rai»ed  and  lowered  trom  the  parade  to  the  vm 
parts,  and  vice  versa.    The  time  occupied  in  these  manenvers  should  be  noted. 

Requisitions  are  to  be  made  upon  the  Ordnance  iiepartment  for  such  appliaucee 
may  be  needeil  to  execute  ihe  foregoing  mechanical  maneuvers. 

An  annual  repoi-t  should  be  made  by  post  commanders  specifying  the  characters! 
dates  of  the  mechanical  maneuvers  performed  by  each  battery  and  the  entire  gai 
ffozj.     The  TPHSOim  for  the  non  execntion  of  any  of  the  required  manenvers  are  tcp 
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Wy  given.    The  details  of  any  accidents  occarring  dnrin^  this  work  are  to  be  stated. 

In  case  of  serious  injury  to  any  officer  or  enlisted  man  whilst  engaged  in  mechanical 

mMieuvoro,  a  board  of  officers  should  be  convened  to  fully  examine  into  the  circum- 

Rtancesofthe  case  and  report  tbereon. 

All  officers  should  be  invited  to  offer  suggestions  in  writing  regarding  modifications 

of  lueans  or  methods  in  range  finding,  artillery  tiring,  and  mechanical  maneuvers. 

Tbe  mure  important  ones  are  to  be  published  in  full,  other.<4  being  briefly  summarized. 


-Appendix  A. 

LIST  OF  MATERIAL  REQUIRED  AT  EAOH  POST  FOR  RANGE  FINDING  AND  TARGET 

PRAOTIOE. 

TO  BK   FURJTISHKD  BY  TUB   ORDNANCE   DEPARTMENT 

TwoaDgle-moasuriug  plane-tables. 

One  transit. 

Two  Pratt  range-finders. 

One  100-foot  tape-line. 

Two  Auburndule  stop-watches  (split  seconds). 
.  One  Uobinstm  anemometer.* 
One  open-circuit  bell  for  same.* 
Two  Le  Clanche  cells.* 
One  aneroid  barometer.* 
One  hydrometer.* 

One  Lalin  &  Kand  magneto-exploder. 
Insulated  leadiujy;  wires. 
Two  telescopic  sights. 

Notk.— The  aiticles  marked  with  *  may  possibly  be  supplied  by  the  Signal  Depart- 
ment. 

TO   BB   FURNISHED  BY  THE   SIGNAL  DEPARTMENT. 

Three  lele^aph  keys  aud  sounders. 

Three  crown  telephones  and  call  bells. 

Telegraph  wire  aud  material,  including  battery. 

1^  would  l»c  advantageous  to  obtain  from  the  Engineer  Department  three  Wheat- 
Dlone  magneto  dial  telegiaph  instruments  instead  of  the  telephones.  These  instrn- 
ment^aru  in  store  at  Willets  Point  as  a  portion  of  the  torpedo  outfit,  there  being  a 
nitlicieut  number  for  all  principal  harbors  As  the  tracking  drill  forms  a  nec-essary 
portion  of  t#rpedo  inntructiou,  it  may  possibly  be  deemed  proper  to  loan  them  for  the 
▼ork.  Xhey  are  preferable  to  telephones,  inasmuch  as  these  latter  would  be  inaudi- 
ble in  case  of  firiug.     A  reliable  printing  telegraph  would  be  still  hotter. 

Tbe  probable  cost  of  the  necessary  appliances  for  each  post  would  be  about  $1,000. 

The  following  estimates  of  the  cost  per  round  from  the  guns,  some  of  which  will 
form  oiir  future  armament,  were  taken  from  the  report  of  the  Getty  Board,  recently 
pnbliBhed : 

6-iDcli  Ly man- Hankell  guns |54  00 

b-ittcli  SvbuUz  wire  gun 46  00 

y-iach  wire  g«ns  (Ordnance  Department) 51  37 

^»nch  Woodbridge  gans 64  50 

lO-mcb  Woodbridge  guns 90  00 

j*-incli  Woodbridge  guns 148  25 

l«-mch  Woodbridge  guns 143  14 

lj^mchM.L.  rifled  mortar 66  00 

l^incb B.  L.  sieel  rifle  gun...; 84  90 

l^^y  tbe  cost  of  powder  and  shot  has  been  included  in  the  foregoing. 

Thus  it  will  be  seen  .that  only  twenty- three-  rounds  of  the  lightest  caliber  deemed 
J^^'^^ble  will  more  than  pay  for  the  outlay  at  each  post  required  to  render  the  artil- 

Th    ^^  effective,  and  only  seven  rounds  of  the  largest  caliber,  a  12-inch  rifle. 
^b^coBt.  of  the  guns  mentioned  range  from  $7,148  to  $41,170.     The  mean  cost  per 
^^1*^86,041,  not  counting  carriage.    The  cost  of  a  single  gun  will  provide  every 
•riulery  station  in  the  Army  with  the  means  of  making  their  fire  effective, 

*^rt  Wadsworth  and  Fort  Hamilton,  New  York  Harbor,  are  now  connected  tele- 
^phically  by  a  cable,  and  the  necessary  telephones,  keys,  sounders,  &c.,  baveb^iii 

**^'*hed  by  the  Signal  DepArtment,  aa  also  two  aneojometers. 
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The  Ordnance  Department  has  authorized  the  expenditure  for  the  construction  of 
two  angle-measuring  plane-tables  for  these  posts,  as  also  for  other  iustruments  and 
materials  estimated  lor. 

It  will  be  seen  by  this  that  most  of  the  essentials  for  range  finding  and  artillery 
firing  are  now  at  hand  at  these  posts  or  are  about  to  be  supplied. 


Appendix  B. 


METHOD  FOR  ABBREVIATION   OF  NUMERALS  TO  BE    USED  IN  TELEGRAPHING 

ANGLES  BY  SIGNALS  OR  OTHERWISE. 

DEVISED  BT  FIBST  UKUT.  O.  N.  WHIBTLERf  FIFIH  U.  S.  ARTILLBBT. 
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25      26      27 
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32 
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33 

53 

33 

34 

35'     36     37 

39!    40 
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c 
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49 

60     61 

63 

73 

93 
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94 
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54 
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75 
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55 
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76     77 

D 

62 

82 
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4-^ 

63     64     65     66 
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67 

69 

89 

109 
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9 

49 

70     71 
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110   111 

130   131 

10   11 

79'    80 
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99|  100 

I" 

103    104'  105 
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36 

4e 
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G 
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3 

33 

43 

124<  125 

4     n 
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7 

3* 

47 
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S 
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48 
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H 

le  17 

19  30 

I 

J 

30 

50 

31 
51 

3til37 
56  57 

39;  46 
59  «• 

: 

Each  station  is  furnished  with  a  card  containing  above  table.  'Numerals  in  plain 
figures  refer  to  degrees;  those  in  bold-faced  figures  to  minutes. 

To  uKe  the  above,  telegraph  first  the  letter  standing  at  the  top  of  the  column  in 
which  the  number  is  fouud^  then  the  letter  at  the  left  of  the  row  in  which  the  num- 
ber is. 


EXAMPLBS. 


42<^  51'  =  d  C  — A;  J  ;  90^  25'=  ;  E  — c  I,  etc. 
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Judging  distance  drill  at  Fort 
Name  of  observer : 


on 


Character  of  light,  weather,  as  to  sky,  clouds,  relative  position  of  sun 
Weather  as  to  wind,  rain,  snow,  mist,  or  fog: . 


sss 

>  ^-^ 

-^  .r^  »a 

cterof 
and  d 
of  mo 

e    0 

■srs  o 
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•O 

|i 
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• 

p 

00 

t 

H 

^ 

H 

9     . 

11 


9 


Remarks. 


Sailing  vessel  indieate 
thas  £7 

Steamer,  thna  O 

If  general  direction  ia 
towards  obeerver.  In- 
dicate thas  4? 

If  away.  ^ 

If  to  right  or  left,  thna 

If  atatiowtry,  thaa 
^  or   
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J  a  dicing  wind  velocity  at , 

Name  of  observer, . 


on 


Telocity    of 
wind. 


Meaaared 

velocity    of 

wind. 


Remarks. 


Appendix  E. 


Tabl€  of  speed  of  veisels  in  yards  per  second,  corresponding  to  speed  in  miles  per  hour. 
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One-half  yard  per  second  is  a  close  approximation  to  each  mile  per  honr. 
Table  of  miles  per  hour,  corresponding  to  knots  per  hour. 
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« 


A  mile  is  seven-eighths  of  a  knot,  approximately. 
INSTRUCTION  FOR  TRACKING  VESSELS. 

(1.)  The  two  stations  will  alternate  in  plotting.    One  station  will  be  designated 

Plotting  station/'  the  other  ''Auxiliary  station.'^  The  vessel  to  be  tracked  and  the 
times  of  observation  will  be  indicated  by  the  **  Plotting  station.'' 

(;S.)  Each  plane-table  party  will  coDsist  of  five  members,  designated,  respectively, 
No8. 1,2,3,4,  and  5.  The  officer  in  charge  of  the  station  will  be  held  responsible  for 
the  proper  working  of  all  concerned,  aud  he  will  report  any  neglect  occurring.  It  is 
empecially  enjoined  to  avoid  unnecessary  conversation  or  remarks  daring  the  progress 
of  work.  Whenever  the  slightest  delay  or  uncertainty  occurs  in  the  use  of  the  tele- 
phones the  flags  should  be  immediately  used,  care  being  t-aken  to  transmit  slowly ,  with 
»  marked  interval  between  lett^srs.    The  abbreviation  code  should  be  used. 

As  far  as  practicable  he  should  canse  the  numbers  to  interchange  after  every  two 
eooraes  jointly  tracked.    The  records  should  be  carefully  kept  on  blanks  funu«k\Led,«b\\ 
indicated  information  beinj^  embodied. 
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DETAILED  DUTIES  OF  NUMBERS. 

No.  1  adjustM  the  tablo  so  that  the  zero  line  will  be  directed  on  tho  opposition  eta 
tion.     He  keeps  the  alidade  sights  upon  the  vessel,  except  whilst  No.  2  is  plotting. 
In  case  of  small  steamers  the  line  of  sight  is  directed  upon  the  smoke-stack.     In  case 
of  large  steamers  and  sailing  vessels  it  is  to  bo  directed  upon  the  foremast  of  vessels 
inward  bounds  and  upon  the  mainmast  of  vessels  outward  bound. 

No.  1  of  the  "Plotting  station"  will  call  **Ready  "  just  before  desirous  to  make  an 
observation,  and  ^*  Now  "  at  the  instant  it  isto  be  ma<lc.  SuflQcient  time  should  elapse 
between  the  commands  "  Ready"  and  "  Now  "  to  assure  receipt  and  acknowledgment 
at  "Auxiliary  station."  It  is  well  to  allow  a  slight  margin  for  tho  time  involved  in 
transmission.  If  call-bells  are  used  for  this,  No.  1  of  thi)  "  Plotting  station  "  does  not 
bring  his  alidade  to  rest  until  he  hears  the  call-bell  ring  the  signal  ft>r  "  Now.''  No.  1 
of  the  "Auxiliary  station,"  upon  hearing  the  call-bell  ring  "Now,"  or  repeat«d, 
will  at  once  cease  moving  his  alidade  until  No.  2  has  read  the  angle.  He  will  then 
resume  the  directing  of  tiie  alidade. 

No.  2  ri*ad8  and  announces  tho  angles  and  protracts  I  he  angles  rec<*ivod  from  the 
"Auxiliary  station  "  upon  the  corresponding  outer  graduation.  He  locates  the  point 
on  intersections,  marking  the  same  with  the  number  of  the  seriesof  observations,  and 
notes  the  readings  of  distances  on  the  alidade. 

No.  3  keeps  the  records  and  notes  th»'  exact  time  of  making  observati«>n8  when  at 
"Plotting  station."  The  alidade  rea<liugs  as  given  by  No.  2  are  reduced  by  No.  3  to 
yards  by  multiplying  by  4. 

No.  4  attends  to  the  telephone,  receiving  and  transmitting  messages.  Tho  trauH- 
mission  of  angles  must  take  priority.  When  telephones  are  used,  the  telephones  should 
be  on  the  line  and  kept  to  the  ears.  When  not  used.  No.  4  will  place  himself  at  the 
telescope,  reading  signals  transmitted,  &c.  The  signals  "  Ready"  and  "  Now,"  when 
sent  throngh  telephones  should  be  repeated  aloud  at  the  "auxiliary  station." 

No.  5  transmits  angles  by  flags  when  the  telephones  are  not  used,  and  when  not  flag- 
ging watches  the  opposite  station  through  the  telescope.  When  at  the  "  plotting 
station"  he  indicates  "  Ready"  by  raising  his  tiag,  and  " Now "  b^^  dropping  it.  No. 
5  of  the  "auxiliary  station  "  makes  the  same  movements  with  his  flag,  at  the  Bams 
time  oalling  out  " Ready"  and  "Now." 


APPENDIX  D. 

INSTRUCTION  FOR  RANGE  FINDING  DURING  ARTILLERY  PRACTICE. 

Each  plane-table  party  to  consist  of  one  commissioned  officer  and  three  assistants, 
with  the  following  duties: 

No.  1  adjusts  the  table,  directs  alidade,  and  ascertiiins  the  distauce  from  the  gan. 

No.  2  reads  the  angle  of  his  own  table,  protracts  the  angle  received  from  the  anxil- 
iary  station,  and  locates  the  target  or  shot. 

No.  3  manipiilatos  the  telephone  or  key,  reads  signals  when  flagged,  and  keeps 
record.     He  will  also  note  the  time  of  flight. 

No.  4  flags  and  renders  such  assistance  as  may  b;^  required. 

At  the  firing  station  an  additional  nnmbur  is  detailed  to  convey  messages  to  the 
g^n,  &.C.,  when  telephones  are  not  firing. 

The  officer  in  charge  of  the  auxiliary  station  cannot  be  too  strongly  impressed  with 
the  necessity  of  sending  the  angles  of  the  target  and  shot  immediately.  He  will 
suppress  all  discussions  and  remarks  until  this  is  done.  If  the  telephones  fail  of  imme- 
diate action,  the  angles  should  he  flagged  at  once.  When  the  telephones  are  in  working 
order  the  angles  will  be  telephoned.  In  all  cases  the  augles  will  be  verified  by  re- 
peating. 

The  officer  in  charge  of  the  firing  station  will  cause  the  angle  received  from  the 
auxiliary  station  to  be  verified,  and  then  plot  the  position  of  either  shot  or  target, 
sending  the  range  immediately  to  the  gun  by  telephone. 

If  the  latter  does  not  work,  he  will  transmit  the  range  by  messenger. 

Care  should  be  taken  to  make  the  record  complete  and  full.  In  cases  of  volleys,  the 
extreme  shot  to  right  :ind  left  will  be  noted  by  pressing  the  straight  edge  (accorapan- 
ing  alidade)  agiiinst  the  back  of  the  latter,  leaving  it  in  position  when  first  shot  is 
noted,  passing  on  to  the  other  extreme  shot-splash,  taking  its  angle,  and  then  pass- 
ingback  to  the  straight  edge  for  the  first  reading. 

When  practicable  this  same  method  should  be  pursued  in  case  of  ricochets. 
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Am  60on  as  firing  is  completed  for  the  day,  the  officers  iu  cliars^e  of  stations  will 
ii»e  the  plane-tables  to  l»e  properly  secured  jiud  alidades  packed,  with  all  appurte- 
nances of  screws,  sij^bts,  &c.,  in  the  alidade- box,  and  table,  alidade,  and  telephones 
placed,  at  such  as  may  l>e  directed  by  rhe  commanding  officer.  Particnlar  care  is  to 
ue  taken  that  the  connections  for  telephones,  switches,  &.C.,  be  all  properly  placed. 
A  complete  record  of  the  day's  work  is  to  be  made  out  at  ouce,  nud  given,  duly  dated 
4ind  ffi^nedy  to  the  officer  in  eharj;e  of  the  tiring. 


(Form  Ne.  1,  Artillery  Practice.) 


Memoranda  of  proposed  firing  at  Fort 


—  on 


-,  188—. 


GunSf  dttachwentSf  and  ammunition. 


4^.9<i.^*.      Battery    No.  detach-     No.  of 
^^uuera.        ^^^  meats.        roonds. 


Cartridges. 


Kind.      Weijiht.  |     Shot, 


Projectiles. 


Remarks. 


Shell. 


Plane-table  detaiU, 


Station. 


CO. 


N.  C.  O. 


Fort  Hamilton .   . 
Fort  Wadflwoith 


Privates. 


Name  of  officer  in 
charge. 


The  tables  to  be  In  readi- 
ness for  work  at 

o'clock. 


DetaiU  to  aesiet  officer  eupervising  firing. 


Pnrpoae. 


Ordnance  work  . . . 

TTiDddata  

Telephone  at  gnn 
Trmnait   


CO. 

N.CO. 

Privates. 

1 

1 

Time  to  report 


Remarks. 


(Form  No.'iJ,  Artillery  Practice.) 


The  post  qaartermaster  will  cause  the  target  to  be  anchored  at  or  before 

-,  loO 


He  will  direct  the  captain  of  the  launch  to  report  for  definite  orders  to 

on  or  before of ,  1H8 — . 

He  will  also  direct to  report  to for  instructions  at  or  be- 
fore   o'clock  of ,  188—-. 


The  following  material  will  be  required : 
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(Form  No.  3,  Artillery  Practice. ) 


The  post  ordnance  officer  at  Fort 


will  have  iu  readiness  at 


o'clock  of 


•f  168 — ,  the  equipments  for  the  following  guns',  and  ammunition  for  same: 


Callbera. 


No.  of 

eqaipraenta 

complete. 


Battery 
No.  of  gun. 


Cartridges. 


Projeetileii. 


No. 


Kind.    Weight.!  Shot.   '  Shell. 


RemarkR. 


Besides  the  foregoing  the  following  additional  articles  will  be  required,  viz : 


NOTR. — In  each  case  the  brand  of  powder  URcd  should  be  noted  and  <^ven  to  the  officer  in  charge  of 
the  firing.  The  powder  of  each  kind  reqairo<l  for  the  da.v's  firing  is  to  be  all  thoroughly  mixed  and 
weighed  under  tne  si^ervision  of  a  commissioned  ottict^r.  The  wciiihts  should  be  distinctly  marked 
on  each  cartridge.    Shot  and  shell  should  be  weighed  and  distiuctly  marked. 

(Form  No.  4,  Artillery  Practice.) 


Details  for  artillery  practice  at  Fort 
Fifth  United  States  Artillery. 

Gnu  detachment  for gun;  

mence  at o'clock. 


on 


-,  188—,  from  Battery 


■f  officer  in  charge.     Firing  to  com> 


For  plane-table  work  at  Fort 
privates,  to  report  to at  - 

For  transit  iu  rear  of  gun 

o'clock. 


-,  Lieut, 
o'clock. 


f  Lient. 


, N.  C.  O  . 

to  report  to at 


N.  C.  O., 


privates,  to  report  to  Lient. 


For  anemometer  readings,  &c., 

at o'clock. 

For  assistants  to  Lieut. at  guns N.  C.  O.,  privates,  to 


report  to  him  at 


o'clock. 


(Form  No.  5,  Artillery  Practice.) 

Firing  data  of  Battery ,  FifthUnited  States  Artillery,  nianninj(  guus  No. 

at  Fort on ,  18S— 

'  -^^^-^  , 

Officer  in  Charge, 


No. 
daily 
fire. 


Projectile. 


Powder. 


Sighting. 


Kind. 


Lbs. 


Kind. 


Lbs. 


Deflection  al 
Eleva-  1<>''*DC«  to  the — 
tion. 


Right. 


Left 


Appa- 
rent   I  I 
amount  Ti^^  RecoU. 

served    *^«^*- 
devia- 
tion. 


Remarks. 


The  officer  in  charge  will  note  any  irregular  occurrence  or  incident  of  the  firing  of 
the  guns  under  his  charge.  He  will  place  himself  as  nearly  in  rear  of  his  gnn  as  will 
permit  him  to  see  the  shot  when  it  strikes,  and  he  will  note  whether  it  strikes  in  line, 
to  the  right  or  left,  and  the  probable  amount  of  deflection  expressed  in  apparent 
width  of  target.    He  will  also  note  if  apparently  B.  (beyond)  or  S.  (short). 
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The  deflection  allowance  should  be  noted  in  points  of  sight  on  pointing  board,  each 
point  being  equivalent  to  one  one- thousandth  of  the  range  ;  range  1,000 equals  1  point. 


1 
2 

3 
4 
5 
6 
7 

9 
10 


(Form  No.  6,  Artillery  Practice.) 

Record  of  devialious  observed  by  transit  in  rear  of  gun  durincfirinfr  at  Fort 
on ,  188-.  K  b         K 


Observer. 


So.  of  fir6k 


Directions  in 
mlnutea. 


Remarks. 

(State  how  far  the  transit  is  placed  in  rear  of  £nn,  and  how  far  to  right  or 
left  of  line  of  gnn  and  target  when  not  feasible  to  place  on  the  line ;  also 
take  angles  between  F  and  target.) 


(Form  No.  7,  Artillery  Practice.) 


Record  of  wind  data  dnring  firing  at  Fort 


on 


188—. 


Direction  of  wind. 

Xotof  fire. 

Deviating 

components 

to  the— 

Accelerating. 

Retarding. 

1 

1 
1 

Right. 

Left. 

Velocity  of  wind. 


Number 
'seconds  be- 
tween the 
strokes 
of  belL 


Velocity 

in  miles  per 

hour. 


Remarks. 


(Note  the  velocity  and 
direction  obtained  as 
nearly  as  practicable 
whilst  the  projectile 
is  in  the  air). 
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(Form  No.  8,  Artillery  Practice.)     . 


Plane  table  record  at  Fort 
Fort ,  Lieut. 


on 


•f  observer  in  charge. 


188 — .    Firing  from  giins  No. 


Assistant. 


No.     j    No.     I      Angle 
Toimds.     gun.      at  Ft.  H. 


Angle         Flatted  range 
at  Ft  W.     at  Ft.  H.  or  W. 


Deflection. 


Kemarks. 


(Form  No.  9,  Artillery  Practice.) 


Record  of  plane-table  angles  of  firing  by  Battery 


from  Fort 


Date,  18«— . 

No.  daily 
tire. 

Caliber 
gnns. 

Angle  at 
Fort  Hamilton. 


Angle  at 
Fort  Wadsworth. 


Remarks. 


(Form  No.  10,  Artillery  Practice.) 


Record  of  vessel-tracking  at  the  Narrows  on 
;  No.  2, ;  No.  :i, 


-,  188—.    Observers:  No.  1, 
;  No.  4, . 


No.  of  conrse 
tracked. 

No.  of  obser- 
vation. 

Angle  at  sta- 
tion H. 

Angle  at  sta- 
tion W. 

Distance  from 
plotting  sta- 
tion. 

Distance  from 
previous  ob- 
servation. 

Time. 

0. 

1. 

0. 

1. 

Turd9. 

Yards, 

h,  tn.  s. 

Remarks.  (Name  of 
plotting  station, 
character  of  vessel, 
&c.) 


Forms  Nos.  11  and  15  will  be  found  in  Appendix  B. 


(Form  No.  12,  Artillery  Practice.) 


Range, yards. 

Wind  velocity, miles. 

Direction, o'clock. 

Probable  elevation, . 

Coefficient  of  deviation, 

Observed  deviation  was 


vards. 
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[Form  No.  13,  Artillery  Practice.] 
Valnes  of  rectangular  oomponeuta  of  wind  force. 

[luBi^T  sections  represent  deviating  components.    Outer  represent  retarding  or  accelerating  compo^ 

nents.    Wind  =  1.0.] 


^  lU 


Multiply  wind  velocity  by  fractioDS  of  dial  to  obtain  valaes  of  components. 

Hnltiply  coefficient  of  deviation  for  given  range  by  tbis  product,  result  will  be 
ai^t  allowance  required. 

£ach  division  of  pointing  board  is  equal  to  tAv  o^  range.  Deviation  required  di- 
vided by  value  of  division  of  pointing  board  equals  points  to  take. 
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Form  No.  14. 


Record  of  artillery  f  ring  at  FoYt  Hamilton,  2V.  Y,  H. 


1 

u 

« 

2 

i 

a 

s 

g 

o 

S 

H 

o 
.a 

a 


Kind. 


• 

Direction 

3 

to  the— 

Shell. 

ts 

► 

o 

» 

Right. 

Left. 

Ibi. 

Wind,  miles  per  honr. 


^     Rectangaliir  oomponeol 
ii  to  the— 


> 


Right. 


Atmosphere. 


u 
5 

a 
g 

n 


Weight 
per  cable 
foot  of  air. 


Time  of 
flight. 

Range  in 
yards. 

Obserred 

deviation 

to  the— 

£ 

s 

§ 

•J* 

Right. 

Left. 

Officer  in  charyse  of 
gun. 


njiTK  I. 


CJ 


CI 


o 


so 


i  : 


i         .-^ 


Aiifvailix  13— IMHI. 


A 


» 


riAnt  II. 


Ul 


U 


ft. 


Apiwndis  IS— ItVM 


PUTS    III 


Appendix  14. 

L  TRIAL   OF  A  3.2  INCH  STEEL  FIELD   GUX  AND   SJEEL   GUN 
CARRIAGE  BY  THE  ORDNANCE  BOARD. 

(4  plates.) 

iiD,  constructed  of  steel  furnished  by  the  Midvale  Steel  Com- 
as fabricated  at  Watertown  Arsenal.  Its  design  was  substan- 
lat  shown  in  the  plate  to  Appendix  31  to  the  report  of  the  (3hief  ' 
lance  for  1883.  Certain  changes  in  detail  were  made  as  the 
'ogi-essed,  and  are,  it  is  supposed,  described  in  the  construction 
►f  the  gun.  The  breech  mechanism  was  so  arranged  that  either 
Bange  or  the  Freyre  gas  check  could  be  used. 
)e  Bange  check  (Plate  1  Fig.  1)  is  composed  of  a  breech-screw 

interrupted  thread,  traversed  in  the  direction  of  its  axis  by  a 
terminating  in  a  head  shaped  like  a  mushroom.  The  head  re- 
he  pressure  of  the  ]»owder  gases  and  is  supported  by  a  plastic 
1  interposed  between  it  and  the  face  of  the  breech-screw;  the 
onaterial  effects  the  obturation.  The  plastic  substance  employed 
►osed  of  asbestos  and  tallow  contained  in  an  envelope  of  cloth 
itaiued  by  two  cup-sha])ed  copper  rings. 

Preyre  check  (Plate  1  Fig.  2)  consists  of  a  breech  screw  with  an 
[)ted  thread,  traversed  axialiy  by  a  spindle.  The  spindle  termi- 
I  a  head  having  the  form  of  a  conical  frustum.  The  head  is  em- 
by  a  ring  with  a  conical  interior  surface  and  an  exterior  surface 

contact  with  the  walls  of  the  gun.    The  base  of  the  ring  rests 

the  face  of  the  breech  screw,  and  the  interior  surface  of  the 
so  adjusted  as  to  cause  a  slight  space  to  exist  between  the  head 
i  face  of  the  breech-screw.     When  the  powder  gases  act,  the 

forced  back  through  the  space  above  referred  to  and  the  ring  is 
ed  into  firm  contact  with  its  seat,  thus  preventing  escape  of  gas. 
>owder  chamber  was  so  constructed  that  a  charge  of  3.5  pounds 
ier  could  be  used  when  the  De  Bange  check  was  in  place.  It 
d  that  when  the  Freyre  check  was  substituted  the  powder  space 
necessarily  large,  but  the  pressure  which  would  result  was  con- 
i  sufficient  to  try  tlioroughly  this  mechanism.  While  there  was 
le  doubt  that  the  De  Bange  system  would  work  well  it  is  con- 
I  objectionable  for  use  in  a  field  gun  where  lightness  is  of  great 
ance.  As  the  drawings  show,  the  use  of  the  De  Bange  check  re- 
an  increase  in  the  length  of  the  gun  at  that  part  which  gives  the 
5t  increase  to  the  weight. 

carriage  of  steel  was  made  at  Watervliet  Arsenal,  and  was  similar 
i^n  to  that  illustrated  in  Appendix  No.  32  of  the  Report  of  the 
)fOrdnance  for  1883. 
powder  for  the  trial  was  Du  Font's  I  K,  granulation  2200,  density 

It  had  previously  been  recommended  for  use  in  the  field  service, 
projectile  used  was  a  cast-iron  shell  with  a  solid  copper  band 
^  described  in  Ordnance  Board  Report  No.  22, 1884,  sent  to  t\\^ 
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Ordnance  Office  June  19,  1884.    The  weight  of  the  projectile  filled  is  13 
pounds. 

The  trial  commenced  July  10,  1884,  with  the  Freyre  gas  check.  Twe 
rounds  were  fired  with  3  pounds,  three  rounds  with  3.25  pounds  of  pow- 
der in  order  to  try  the  check  and  fit  it  to  its  place.  Thereafter  the 
charges  fired  weighed  3.5  pounds  until  the  end  of  the  sixtieth  round, 
when,  by  direction  of  the  Chief  of  Ordnance,  the  gun  was  traosferred 
from  the  Ordnance  Board  to  the  "  Board  for  Testing  Eifled  Gannon,''  &c 

The  Freyre  check  completely  prevented  the  escape  of  gas,  but  gave 
trouble  by  sticking  after  the  first  few  rounds.  This  difficulty  was  obvi- 
ated later  as  will  be  shown  by  the  report  of  the  board  for  testing  rifled 
cannon,  &c. 

Tables  showing  total  enlargements  and  firing  records  for  the  first 
sixty  rounds  are  inclosed.  From  the  latter  the  following  summary  is 
obtained : 

Initial  velocity  (mean  of  18  rounds) ..feet..     1,635 

Pressure  (mean  of  25  rounds) pounds  per  square  inch . .  29, 116 

Energy : 

Total foot-tons..  241.20 

Square  inch  of  cross  section do 29.99 

Per  pound  of  powder do 68.91 

Per  pound  weight  of  piece foot-pounds. .  681. 33 

Per  cent,  realized ' 78 

For  comparison  a  table  is  appended  giving  data  for  foreign  pieces  of 
similar  character,  extracted  from  the  Report  of  the  Chief  of  Ordnance 
for  1883. 

T.  G.  BAYLOR, 
Colonel  of  Orditance^  Prenident  of  the  Board. 

GEO.  W.  McKEE, 

Mujor  of  Ordnan4x. 
CHARLES  SHALER, 

Captain  of  Ordnance* 
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o 
u 

a 
^t 

9 
S 
eS 

e 

u 

o 

a 
o 


Denomination. 


Material. 


American ,  Steel  jacketed 


German 
French  . 
Kasaian 

BuBsian 


8-ptlr.,  mod.  73 . . 
8«"- 


American . . . 

EngliHh 

ArmHtrong 
(Spanish). 
Spanish 


M.  L 

13.pdr  ... 

geoi  (7.6«») 


3.09 
3.15 
3.45 


3.43 


8«"» 

French 8«» 

Swiss !  8.4«" 

Italian 9«»(8.7«-) 

Russian  .... 


Rnssian  . 
Austrian 


German . 


9«-  mod.  '73 


Steel  hooped 

Steel  houpi'd 

St^el  hooped ,  Empp,  rood. 

'77. 
Steel  hooped,  Bussian,  mod. 

♦79. 

Wrought  iron 3 

Steel,  wroiifrht-iron  Jacket..  3. 
Steel,  -wronght-iron  Jacket,  j3. 

M.  L.  &  B.  L.  I 

Steel  jacketed,  Sotomaj'er  . .  '3. 15 

Steel  hooped !3. 15 

Steel  hooped,  Krnpp |3.  307 


858 
935 
793 


82.67 
89.76 
66.93 


802  66. 93 


820 
952 
925 

532.4 

935 
935 


89. 
85. 


74.21 
83.54 
57.68 

57.68 

64.5 

84. 

81.49 


24. 


50 


87.08  80.71 


21.5 

28. 

27. 


89. 76 
84  65 


83.54 
76.06 


Steel  hooped,  Krupp 13. 425 1. 082 

I  '  i 

St4^el  hooped,  Krnpp,  mod.  :3. 43  >    973  82. 68 


83.46  74. 

73.43 


'77. 


Steel  hooped,  Hnssiun,  '79. . .  3. 43   1, 005 
Compressed  hronze  vrodge  !3. 43  1,071 

femieture. 
Steel  hooped 


82  68 
81.10 


73.43 
72.05 


26.5110  7' to  300 
16.8' ,8to» 

1&8 8to36 

!!"!  '"'so 

*    ; , 

25.6:     t    ! 

I         I 
26.  5  1°  7' to  30° 
23.    I 

! 
21.5; 

21.4 


4 


46 

. .  18  to  4« 


21.41 
21. 


3.46 


990   82.67  73.43;  21 


8  to  40 

46 

50 


*  Increasing  to  3  csllbers,  then  uniform. 
f  Increasing  1  turn  in  50  to  1  in  22. 
X  Increasing  final  1  in  42. 
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Grooved. 


Powder 
oluunber. 


^ 

s 


a 


«> 
P 


Q.S1 
0l33 


i 


1 


0.0i9  24 
24 
0.049  24 

24 


0.33  0.040 


flL  5     :0. 05 
0.406  0.047 


0. 0107 


Ol31 
0.314 


0.040 


1 
OlSO  [0.043 

0.33  :0.049 

Ol  33    0.049 
0. 313  0.  040 


0.040 


13 

10 

24 
24 

24 

24 

24 
24 


s 

o 

a 

I 


*10. 

til.  4 
13.97 
10.33 
1L43 

1L43 


11.5 
12.27 


I 
3 


I- 


8.27 
8.80 

&80 


Powder  charge. 


4 

§ 

a 


8.5 
8.7 


18. 32i  8. 54 
10.33  8.27 


10.75 

10.73 
13.78 

14.57 


8.80 
8.80 


8.5 

2.75 

3.3 

2.99 

2. 99 


3.125 
3.5 

8.41 

3.3 
8.08 

8.19 

2.99 

2.99 
8.3 

8.0 


Nature. 


Gr.2200,  D.  1.726 


Or.  24,  0. 1.745. 


B.  L.  6. 


Cubic  (density 

1.70)  II—. 
Gr.  24,  D.  1.745. 
D.  1.04,0.29x89 

D.  1.07.  Gr.  .270 
to  .480. 


Anat.  field 


Projectile. 


I 
1 

i 


12.8 

2.6 

2.8 

t2.30 

2.80 


18.10 


8. 
2.8 


t2.30 

2.80 
2.5 

2.5 


9 

i 


4i 


18. 

11.15 

12.8 

16wl2 

16.12 


18. 
18. 

18.80 

12.8 
13.71 

15.14 

15.12 

16.12 
13.97 

16.4 


1,035 


1. 

1,007 

1,850 

1,860 


1,605 
1,000 

1,492 

1,007 
3,502 

1,490 

1,450 

1,450 
1,470 

1,400 


-§ 


d 


29,110 


28,000 


80,000 


MiUBsle  energy. 


I 
I 
I 


24L2 

179.0 
220.2 
101.0 

191.0 


230.8 
230.7 

214. 

220.2 
214.4 

238.0 

1 
220.3 

220.8 
210.9 


li 

QD 


29.90 

24. 
28. 
20.4 

20.0 


o   . 

as- 

Pi 


o  • 

p.1 


ai 


82.4 
82.4 

27.4 

2a2 

24. 

25.3 

28.9 

23.9 
22.8 


227.0,  24. 


08.9081.33 


05. 
07. 
03. 

03. 


7^0543. 
0&0  558. 


407. 
520. 
540. 

533. 


02. 7'900. 


00. 7  527. 
09.0  513. 


73. 
73.0 
73. 0;491. 


482. 
607. 


03.9 
03.2 


442. 
516. 


*  BeBange. 
6191  OED 10 


tPreyre. 


I  Shell. 
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Table  showing  enlargement  of  bore  and  powder  chamber  of  2.2'inch  breech-loading  rifles  {steel). 


Inches 

from 

muzzle. 


70 
69 
68 
67 
66 
65 
64 
63 
62 
61 
60 
59 
58 
57 
56 
55 
54 
53 
52 
51 
50 
49 
48 
47 
46 
45 
44 
43 
42 
41 
40 
39 
38 
37 
36 


Original 
diameter 
of  bore. 


Diameter 
of  bore 
after  60 
rounds. 


Inches. 

.  Inches. 

3.207 

3. 215 

3.207 

3.  214 

3.207 

3.214 

3.207 

3.214 

3.207 

3.214 

3. 207 

3.  213 

3.206 

>   3. 212 
/   3. 211 

3.  206 

3.206 

3.2)1 

3.206 

3.210 

3.  206 

3.  210 

3.  -.'05 

3.210 

3.205 

3.209 

3.  205 

3.  209 

3.205 

3.  209 

3.  205 

3.209 

3.205 

3.  209 

3.205 

3.209 

3.205 

3.  209 

3.  205 

3.  209 

3.205 

3.209 

3.205 

3.  208 

3.205 

3.208 

3.205 

3.  208 

3.  205 

3.207 

3.205 

3.207 

3.  205 

3.208 

3.  205 

3.  207 

3. 205 

3.207 

3.205 

3.207 

3.205 

3.208 

3.205 

3.208 

8.  205 

3.208 

3.205 

3.208 

3.  205 

3.207 

Enlarge- 
ment. 


Inches. 
0.008 
.007 
.007 
.007 
.007 
.006 
.006 
.005 
.005 
.005 
.004 
.005 
.004 
.004 
.004 
.004 
.004 
.004 
.004 
.004 
.004 
.003 
.003 
.003 
.002 
.002 
.003 
.002 
.002 
.002 
.003 
.003 
.003 
.003 
.002 


I  Inches 
!    from 
I  mazzle. 


35 

34 

33 

32 

31 

30 

29 

28 

27 

26 

25 

24 

23 

22 

21 

20 

19 

18 

17 

16 

15 

14 

13 

12 

11 

10 

9 

8 

7 

6 

5 

4 

3 

2 

1 


Original 
diameter 
of  bore. 


Inches. 
3.205 
3. 205 
3.205 
3.205 
3.  204 
3. 204 
3.204 
3. 204 
3.201 
3.204 
3.  204 
3.  203 
3. 1'03 
3.203 
3.  2U4 
3.204 
3.  204 
3.204 
3.204 
3.205 
3.  205 
3.205 
3.  205 
3.205 
3.  205 
3.205 
3.  205 
3.205 
3.  205 
3.207 
3.207 
3.208 
3.208 
3.  207 
3.207 


Diameter 
of  bore 
after  60 
rounds. 


Inches. 
3.207 
3.  207 
3  207 
3.207 
3.207 
3.207 
3. 207 
3.  207 
3.  207 
3.  207 
3.207 
3.  207 
3.206 
3.206 
3.206 
3.  206 
.  3.  206 
3.206 
3.206 
3.  206 
3.206 
3.  206 
3.206 
3.206 
3.206 
3.206 
3.206 
3. 207 
3.207 
3.  208 
3.  208 
3.208 
3.  208 
3.208 
3.  208 


I 


Enlarge- 
meut. 


Inches. 
.002 
.002 
.002 
.0u2 
.003 
.003 
.003 
.003 
.003 
.003 
.003 
.004 
.003 
.003 
.002 
.002 
.002 
.002 
.002 
.001 
.001 
.001 
.001 
.001 
.001 
.001 
.001 
.002 
.002 
.001 
.001 
.000 
.000 
.001 
.001 


POWDER  CHAMBER. 


Inches 

from 

breech. 


11.2 
13.2 
15.2 


Diameter 
before 
firing. 


Inches. 
3.768 
3.81 
3.755 


Diameter 
after  60 
rounds. 


Inches. 
3.768 
3.  813 
3.713 


Enlarge- 
ment. 


Inches. 

0.000 

.003 

—  .042 
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Record  of  firing  with  3.2-incft  hreeohrloading  rifle  {eieel),  a 


a 


Barometer,    29.850; 
thermometer,^ 
78.7;hiimldity,03. 


Barometer,    29.899; 
thermometer,^ 
77.2;  humidity ,09. 


Time. 


USCFmrn 

July  10 


2  July  10 


Powder. 


Kind. 


0 


Barometer,    29.818; 
thermometer,^ 
66.7;  humidity,  57. 


10 

I 
11 

I 

12 

I 
18 

14 

15 

16 


July  10 
July  10 
July  10 


July  11 


July  n 
July  11 
July  11 


July  16 
July  16 
Jaly  16 
July  16 
July  16 
July  16 

July  16 


M 


Weight 


I 

I 

g 

m 


<§ 


1    I 


Lb9. 

3 


8 

3 
8 
8 


8 


3 
3 
3 


3 
8 
8 
8 
8 
8 

8 


Oz. 


4 
4 

4 


8 


8 
8 
8 


8 
8 
8 
8 
8 
8 

8 


Prqjectile. 


Kind. 


IS 

h 

►I 

u 
if 


• 


t 

fa 

9 

I 

•3! 

to 


§ 

9 

.a 


i 

•8 

3 

s 

I 

« 

a 

at 

.a 


\ 


I 


Weight. 


Lbs, 
13 


18 

13 
18 
13 


13 


18 
18 
13 


13 
13 
13 
13 
18 
13 

13 


v\ 


Ox, 


\ 


• 


0  go 
*  3  o 

2?i 


o  / 
0 


P 
0 
0 


2  80 
2  80 
2  30 


2  32 
2  80 
2  80 
2  80 
2  30 

280 


Lbs. 
28,700 


24,700 

26,600 
26,850 
25^200 


29,600 


80,800 
30,900 
28,900 


30,900 
30,700 
80,500 
29,900 
29.800 
28.800 

28,900 


\ 


Feet 
1,519 


1,482 

1,558 
1.557 
1,554 


1,623 


129^' 


1.602 
1,608 
1,612 


1,629 


\ 


fsZ 


6.50    1 


5.42 

7.58 
6w50 
7.00 


&00 


&00 
&00 
&16 


9.00 
7.50 
7.75 
8.00 
&00 
&00 

8w50 


o 
a 


S 

& 

US 

«c 
"C 

■e 
e 
« 

a 

I 


e 
o 


oe 

e 


E 


£ 


\ 


\ 
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Santhf  Hook,  N.  J.,  from  Julif  10  to  July  24, 1884. 


IHstaaoe  trom  oenter  of 
target,  in  feet. 


^etticaL 


^bore.  Seloir. 


HorizontaL 


Bight 


Left. 


Distance  from  center  of 
impact,  in  feet. 


Vertical. 


Horizontal. 


AboTe.  Below.  I  Bight. 


Left. 


Fired  into  tend  butt. 


J 


7.75 
2.24 

«.00 

2.50 
2.00 

0.75  [ 

1 

1 

8.09 

1 

2.42 

.■•••• . 
.67 

1.25 
.75 

2.00 

1 

t 

l&M 

4.60 

1 

0.76   i    8.00 

3.00 

2.00 

2.00 

15.  SD-t-SrrS.  33  1  3.754-3    L25    6.181-3=2.06 

1 

4.  OOi-3-l.  33 

Heon  Tortical  deriation  from  center  of  impact 2'.06 

^ean  horizontal  deviation  from  center  of  impact 1'.33 

Mean  deviation  firom  center  of  impact 2'.  45 

Itred  intoaandbntt 


Fired  at  mile  target.    Sighting  shot 


5l25 

* 

...        2.50 

3.00 
ILOO 

1.00 

1 

1 

3.76 
1.00 

.12 
8.12 

3.88 

L50 

......  |-.  . 

Missed  target 

L75    

1.48 

3.25 



4.36 

1.75       7.75 

14.00 

2.48 

j    4.75 

1    

4.75 

8.24 

8.24 

&  00-1-4=1.  50  IL  52-4-4S2. 88 


0. 50-1-4=2. 37  16. 48-^4=4. 12 


n 


Special  reroarka  about  each  fire, 
each  as  effect  on  pieoct  soond  of 
projectile  in  flight^  scattering  of 
fragments,  etc.,  etc. 


'  Gas  escaped  uniformly  bXL  aronnd 
gas  check.  Before  next  roond 
obturator  set  out  7-thoasandthB 
of  an  inch. 

Faint  trace  of  gas  escape  on  top. 
Lid  of  trail  chest  being  onlocked, 
hasp  in  obest  Jarred  off  and 
thrown  ont. 

Slight  traces  of  gas  escape. 

Slight  traces  of  gas  escape. 

6nn  washed  out,  examined,  star- 
ganged,  and  impressions  taken, 
no  gas  escape.  Before  firing  round 
No.  6  the  outer  surfaces  of  gaa 
ring,  of  carrier  ring,  and  of  hori- 
zoxital  surfaces  of  obturator  stem 
were  slightly  ground  down  and 
the  obturator  plate  was  pinned 
to  the  breech  block  to  prevent 
turning. 


No  gas  escape    in  round  No.  6; 
opened  with  some  difficulty. 


Ghx>d  flight.    Slight  escape  of  gaa 

all  around  check.    Opened  with 

considerable  difficulty. 
GK)od  flight.    Slight  escape  of  gas 

all  around  check.    Opened  with 

but  slight  difficulty. 
Grood  flight.    Slight  escape  of  gas 

all  around  check.    Opened  with 

but  slight  difficulty. 


Gun  washed  out,  examined,  star- 
gauged,  and  impressions  taken. 


Good  flight. 
Do. 
Do. 
Do. 

Good  flight.  It  is  possible  that  this 
shot  passed  through  an  old  hole 
in  the  target. 

Good  flight. 


Mean  vertical  deviation  fh>m  center  of  impact %'.37  \ 

Mean  horizontal  deviation  from  center  of  impact 4'.12  i 

Mean  deviationfhmicenter  of  impact 4'.75  ' 


Gun  washed  out,  examined,  star- 
gauged,  and  ImpreaslonB  taKen. 
Boands  10, 11, 12, 13, 14, 15,  anei  \^ 
n  opened  with  dif&onit^  Xx^ 
and.    No  gas  escape. 


i  fiS 
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Eeoord  of  firing  with  3,2'inoh  breech-loading  rifle  (steel), 


t 

Time. 

Powdei 

• 
• 

Projectile. 

i 

o  / 
0 

per 
ch  of 
iher). 

Instrumental  ve- 
locity, 100  feet 
fh>m  muscle. 

t 

o 

1 

ind. 

Weight. 

Kind. 

Weight. 

Pressure, 
square  in 
bore  (cruf 

d 

' 

17 

1884. 
July  22 

Lbs. 
3 

8 

'S'p 

Lbt. 
*13 

Oz. 

•    B    •    • 

IAt8, 

29,800 

Feet 
1,682 

Feet 
9.( 

18  July  22 

8 

8 

to 

tl3 

•     ■     •     • 

0 

27,900 

1,605 

9^( 

19  July  22 

3 

8 

tl3 

.... 

0 

28,6(10 

1,608 

9.( 

Barometer,  29.980; 
thermometer,^ 
82.4;  humidity,' 
48. 

20 
21 
22 

July  22 
July  22 
July  22 

3 

1    3 

3 

8 
8 
8 

tl3 
tl3 
tl3 

8 
8 
8 

0 
0 
0 

28,660 
29,300 
29,100 

1,577 
1,672 
1,580 

10.  < 
10.  ( 
10.  ( 

( 

23,  July  22 

3 

8 

tl5 

. .  •  • 

0 

30, 700 

1,614 

1L( 

t 

24 

July  23 
July  23 
July  23 

8 

8 

13 

2  30 

7.  J 

25 

3 

8 

• 

13 

2  80 

&i 

26 

• 

3 

8 

i 

13 

2  80 

&i 

1 
1 

p 

1 

■ 
>^^ 

-s 
S 

m 

P 

m 

1 

Pi 

1 

*<^ 

Barometer,  29.921; 
thermometer, 
84.7  i  humidity,  i 
48. 

27 
28 
29 

July  23 
July  23 
.July  23 
July  23 
July  23 
July  28 
July  23 

8 
8 
3 

8 
8 
8 

1 

1 

■  ah 

13 
13 
13 

2  80 
230 
2  80 

8.i 

&] 

&: 

30 
31 
32 
83 

3 
3 
8 
3 

8 
8 
8 
8 

leter,  0".5  wide 
round  33. 

18 
18 
13 
13 

2  80 
2  80 
2  30 
2  80 

•••••••. 

&j 



a! 



8.i 

&I 

«  o 

h 

lg 

Av^ 

••••.••. 

sS 

84 

July  23 

3 

8 

'  18 

1 

0 

28,800  1  1,608 

1 

9.( 

35 

July  23 

3 

8 

3 

13 

0 

28,400 

1,619 

9.] 

36 

July  23 

3 

8 

a 

9 

13 

0 

20,100 

1,624 

9.; 

37 

July  23 

3 

8 

H 

S 

2 

13 

0 

29,600 

1,632 

9.( 

Barometer,  29.822; 
thermometer, 
89.8;  humidity,  i 
84* 

38 
30 

July  23 
July  23 

3 
3 

8 
8 

13 
13 

0    !  27.700 
0    ,  29,600 

1,630 
1,618 

9.( 
9.( 

40 

July  23 

3 

8 

JO 

IS 

1 

18  i... 

1 

0 

29,500 

1,610 

9.1 

41 

July  23 

3 

8 

& 

13 

■ .  *  ■ 

0 

29,100 

1.009 

9.J 

42  July  23 

3 

8 

13 

— 

0       28,200 

1,608 

10.  C 

> 

43 

July  23  ; 

■ 

3 

8  . 

. 

13 

0 

28,800 

1,597 

10.  S 

0\d. 


\"Sc^. 


REPORT  OF  THE  CHIEF  OF  ORDNANCE. 


151 


gboir,   N.  /.,  from  July  10  to  July  24,  1884~ContiDued. 


Dlalaiice  from  center  of 
target,  in  feet. 


T^Ttieal. 


Aliove. 


Below. 


Horizontal. 


Right   Left. 


Distance  from  center  of 
impact,  in  feet. 


Vertical. 


Horizontal. 


Above.  I  Below.  Right.   Left.  I 


Special  remarks   aboat  each  fire 
such  as  effect  on  piece,  sonnd  of 
projectile  ia  flight,  scattering  of 
fragments,  etc.,  etc. 


Find  into  sand  bntt. 


&26 
400 


7.28 


LU 


,    LOO 

Ot«  target 
&00 


150 


iSO 


a.  73 


8.50 


a  76 


2.60 
2.50 
8.60 


7.50 
6lOO 


14.00 

9.50 

ILOO 

14.60 


72.00 


5.90 


0.17 


4.87 
8.17 


8.17 


4.50 
5u83 


2.33 


5.50 
5  50 
2.50 


0.50 
8.00 


4.83 


17.08 


17.08 


17.00 


6w00 
L50 
3.00 
6.50 


17.00 


JL  W+0-L  33 ,     72-«-9=a  00  j  34 16-»-9=3. 80  [34. 00+9=3. 78 


I 

E 


s 
I 

i 

■•a 

I 

a 

I 


Mteh  Jf^^^^l  deviation  from  center  of  impact 3'.80 

If  tew  ?^^*ontal  deviation  from  center  of  impact 3'.78 

'^ndevlstlon  from  center  of  impact 6'.36 


***«d  Jnto  aand  bntt. 


Gon  washed  ont,  examined,  star- 
ganged,  uid  Impressions  taken. 
Good  light. 

Da 

Do. 


Do. 
Do. 
Da 
Do. 
Da 
Do. 
Do. 


Gnn  washed  oat,  examined.  6tar- 
gauged,  and  impressions  taken. 
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Record  of  firing  with  3.2'inoh  breech-loading  rifle  (steel),  at  Sandg 


Barometer,  29.822 ;  ther- 
mometer, 89.8;  hnmid-^ 
ity,  34.— Continaed. 


e 
u 

£ 
a 


Time. 


44 


45 


46 


47 


48 


49 


50 


Barometer,  29.904 ;  ther- 
mometer, 80.8 ;  humid- 
ity. 63. 


51 
52 
53 
54 
55 
66 
57 
58 
59 
60 


July  23 


•  a 


^9 


•S^-2    III 


04 


Lb9. 


Feet. 


Fe0L 


29,300  ;  1,500   10.00 


29,500 
28,900 
28,800 
28,700 


1,601 


11.00 


1.605  10.00 
1,604  ,10.50 


1,601 


0.75 


29,300 


l,60i  jl0.50 


i 


28,800 


1.604    10.33 


.    6.50 

i 

.    5.00 

I  6.25 

I 

j  6w75 


&00 
&00 


5,25 

I 

,  5.50 

t 

I  6.00 

I 

'■  5.S0 
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ffooky  N.  J.,  from  July  10  to  July  24,  1884— Oontinaed. 


M 


r-  ' 


Lost. 


m 


3f     I   23 


28 


Special  remmrks  ftboat  each  fire, 
anch  aa  effect  on  piece,  ■onnd  of 
projectile  in  flight,  Bcattertng  of 
fragments,  etc.,  etc. 


Fired  to  tett  carriage.  The  hinge  bolts 
of  trail-chest  lid  were  both  broken,  and 
a  slight  backing  of  left  cheek  and  lift- 
ing of  flange  at  Junction  of  reinforcing 
plate  was  (almost  imperceptibly)  in- 
creased. 


Gnn  washed  out,  examined,  star- 
ganged  and  impressions  taken. 


Good  flight. 


Gnn  washed  ont,  examined,  star- 
ganged  and  impressions  taken. 

BounoB  17-60  inclasiTe;fl;nn  opened 
with  difficnlty  by  hanoj  no  escape 
of  gas. 


I 


PLATE  I. 


:^  BREECH    MECHANISM   OF  32  INCH   STEEL  RIFLE  SC^ — 


A-f0,  ^. 


f^rir^£ 


FtC.  /. 


OtMAM^g 


V-^/.  •'/-;<','/ 


'':  ,/'/''••  ■^-'■ 


.'/' 


y.   // /, 


''^/  '/  ''yV-v//-   y^^^''///  '  '>  '0^<r 
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Appendix  15, 


EPORT  ON  SOLID-BAND  SHELL  FOR  ^.^INCH  BREECH-LOADING  STEEL 

GUN,  BY  THE  ORDNANCE  BOARD, 

(7  plates.) 

A  letter  from  the  Chief  of  Orduance,  dated  January  19, 1884,  directed 
the  Ordnance  Board  to  work  up  a  plan  for  a  copper-banded  projectile 
for  the  3.2-inch  field  gun,  and  to  have  a  few  experimental  ones  made  at 
"Watertown  Arsenal  for  trial.    On  February  6  the  Board  submitted  a 
drawing  showing  a  proposed  shell  with  a  band  0.35-inch  wide,  and  re- 
quested that  shell  and  bands  might  be  furnished  separately,  that  the 
proper  position  and  dimensions  of  the  latter  might  be  determined  by 
experiment.    On  May  2, 1884,  fifty  shell  and  one  hundred  bands  were 
forwarded  from  Watertown  Arsenal,  and  after  a  delay  in  preparing  the 
gun  for  the  new  projectiles  eitperiments  commenced  June  4,  1884. 

The  projectile  (Plate  I)  is  made  of  cast  iron;  has  a  cavity  which  will 
contain  from  five  and  a  half  to  six  ounces  of  musket  powder,  and  is 
furnished  with  a  base  percussion-fuze.  The  head  is  an  ogive,  struck  with 
a  radius  of  one  and  one-half  diameters;  the  body  is  cylindrical  through- 
oat,  and  the  base  is  a  plane  intersecting  the  surface  of  the  body.  The 
band  is  made  from  a  solid  strip  of  copper,  grooved  on  the  side,  which  is 
to  be  in  contact  with  the  projectile.  An  annular  groove  is  turned  in 
the  body  of  the  projectile,  the  central  element  of  the  groove  surround- 
ing the  center  of  percussion  of  the  projectile,  taken  with  reference  to 
&n  axi8  situated  in  the  plane  of  junction  of  the  body  and  the  head. 
This  groove  is  undercut  to  form  a  dovetail.  When  the  band  has  been 
cut  to  a  proper  length,  the  ends,  planed  down,  form  a  scarf  joint.  The 
hand  is  forced  into  place  by  screws,  then  hammered  hard  to  force  the 
inner  edges  into  the  undercut  part  of  the  groove,  and  afterwards  turned 
flown  to  the  proper  exterior  diameter.  The  weight  of  the  shell  with 
oursting  charge  and  fuze  is  thirteen  pounds. . 

The  experiment  was  commenced  by  firing  a  projectile  with  a  band 
0.35iDch  wide  and  3.31  inches  in  diameter  into  a  sand  butt,  using  acharge 
of  3  pounds  of  I.  K.  B.  powder.  The  muzzle  velocity  was  1,517  feet,  the 
Pressare  30,500  iK)unds  to  the  square  inch.  When  the  projectile  was 
^vered  the  lands  wei;e  molded  sharply  and  smoothly  in  the  band. 

Three  rounds,  Nos.  43,  44,  and  45  of  the  record,  were  fired  at  the  mile 
^fget,  and  plotted  as  shown  in  Plate  III. 

.y^  projectile  with  a  band  0.5inch  wide  was  then  fired  into  the  butt  with 
^hesame  charge  as  before.  The  muzzle  velocity  was  1,503  feet,  the 
PJjessure  31,000  pounds,  and  the  lands  were  as  well  marked  as  before, 
^late  IV  shows  the  target  made  at  one  mile  with  this  projectile. 
;JJJ^  these  cases  the  front  edge  of  the  band  only  was  chamfered. 
fhe  results  of  the  first  trial  seemed  to  be  in  favor  of  the  projectile 
^^h  the  broad  band,  as  the  mean  vertical  deviations,  the  moat  iuv- 
P^^tant  ones  in  field  guns,  were  Jess. 
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Two  series  of  firings  were  then  executed  with  the  narrow  and  broad 
bauds,  having  both  the  front  and  rear  edges  chamfered. 

The  first  shot  in  this  series  (No.  52  of  the  record)  fired  with  a  narrow 
band  projectile  gave  a  muzzle  velocity  of  1,492  feet  and  25,750  x)oands 
pressure. 

The  target  at  a  mile  is  shown  in  Plate  V,  the  mean  vertical  deviation 
was  2.05  feet,  the  mean  horizontal  3.35  feet. 

The  first  shot  in  the  second  series  (No.  63  of  the  record)  gave  a  muz- 
zle velocity  of  1,501  feet  and  26,500  pounds  pressure.  The  diameter  of 
the  band  was  reduced  from  3.31  to  3.30  inches. 

The  target  at  a  mile  is  shown  in  Plate  VI.  The  mean  vertical  devia- 
tion was  1.81  feet,  the  mean  horizontal  deviation  was  1.53  feet,  while  a 
less  elevation  was  required  to  reach  the  target,  showing  that  this  band 
gave  for  the  same  charge  an  increased  accuracy  and  range.  The  superi- 
ority of  the  broad  band  was  thus  made  manifest. 

The  trial  was  concluded  by  placing  a  narrow  band  in  a  groove  not  cut 
about  the  center  of  percussion  above  referred  to,  but  so  placed  that  the 
central  element  of  the  band  was  0.825  of  an  inch  in  rear  of  the  position 
first  given  to  it,  as  shown  in  Plate  II. 

The  target  at  a  mile  is  shown  in  Plate  VII.  The  mean  horizontal  de- 
viation was  2.95  feet;  the  mean  vertical  2.36  feet.  Thus  the  result  was 
inferior  to  that  previously  obtained  with  the  narrow  band,  which  in 
turn  was  inferior  to  that  obtained  with  the  broad  band. 

A  shell  burst  in  a  wooden  box  gave  the  following  results: 

Bursting  charge,  6  ounces;  weight  of  shell,  12.6  pounds ;  weight  re- 
covered, 12.4  pounds;  39  fragments ;  18  fragments  under  1  ounce  weight; 
21  fragments  over  1  ounce  weight;  19  fragments  over  2  ounces  weight 

Considering  fragments  over  L  ounce  weight  eftective,  there  resulted  21 
effective  fragments.  The  pieces  were  fairly  uniform  in  size  and  the  shell 
appeared  to  be  equally  strong  throughout. 

SUMMARY. 


Narrow  band,  0.35-incb  wide,  sarroanding  center  of  percua- 
aion 

Broad  band,  0.5-inob  wide,  suiToundinf;  center  of  percuHsiou. 

XaiTow  baud,  0.35-incb  wide,  0.825-incb  iu  rear  of  center  of 
percussion  


Mean 
velocity. 


Feet 

1504.5 
1502 

1490 


Mean 

pressure 

per 

sqnare 

inch. 


Pound*. 

28.208 
32, 333 

24.750 


Mean  deviation. 


Horizozi- 
tal. 


Feet. 


Vertical 


Feel. 


3.35 
1.53 

2.95 


2.115 
Lgl 

2.36 


In  nil  canes  a  clear  smooth  flight  was  obHorved.    The  mean  deviations  aie  taken  from  Plates  V,  VT, 
and  VII.    The  range  was,  accurately  speaking,  87  yards  less  than  a  mile. 

The  recommendation  of  the  Board  is,  that  shell  for  the  3.2  inches 
converted  breech-loading  rifles  be  supplied  with  copper  band  0.5  inch 
wide,  arranged  as  slipwn  in  the  accompanying  drawing. 

Tlie  3.2inch  converted  guns  now  in  service  were  chambered  for  the 
Hotchkiss  shot.  If  the  shell  above  referred  to  are  issued,  a  slight  change 
will  be  required  in  that  part  of  the  bore  where  the  band  bears.  The 
counter  bore  in  rear  of  the  lands  and  the  diameter  must  be  increased 
slightly.  Templates  of  brass  can  be  prepared  at  Sandy  Hook  and  sent 
to  the  establishments  where  the  ji^uns  in  service  are  to  be  changed. 

The  base  fuzes  were  furnislied  by  Hotchkiss  &  Co.,  of  Paris.  They 
were  intended  for  use  against  light  armor,  and  are  unsuitable  for  serv- 
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ice  in  the  field  against  obstacles  of  slight  resisting  power.  It  is  thought 
that  a  small  number  of  high-resistance  fuzes  should  be  supplied  to  each 
battery,  and  that  more  sensitive  fuzes  should  be  furnished  for  ordinary 
use. 

In  a  letter  from  Mr.  Hotc&kiss  to  the  Chief  of  Ordnance,  dated  Paris, 
April  8, 1884,  which  letter  was  referred  to  the  Ordnance  Board  for  in- 
formation, it  is  stated  that  modified  base  fuzes  would  be  sent  to  New 
York  arsenal,  but  as  yet  they  have  not  been  received. 

Firing  and  star  gauge  records  accompany  this  report,  and  give  full 
details  of  the  experiments  with  solid  band  shell. 

T.  G.  BAYLOE, 
Colonel  of  Ordnance^  President  of  the  Board. 

GEO.  W.  MoKEB, 

Major  of  Ordnance. 
CHAELES  8HALEE, 
Captain  of  Ordnance, 


Star-gauging  of  3. 2'inch  B.  L,  rt/f0,  No,  914. 
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Inehet. 
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Inches. 

67 
66 
56 
54 
63 

3.106 
3.196 
3.196 
3.195 
3.193 

! 

28 
27 
28 
26 
24 

3.195 
3.195 
3.105 
3.196 
3.195 

3.199 
8.199 
8.199 
3.199 
3.109 

3.199 
3.199 
3.199 
3.190 
3.100 

1 

3.224 

""3.'229" 

52 

8.195 

3.217 

3.225 

23 

3.195 

3.198 

3.100 

61 

8.196 

3.215 

3.224 

22 

3.195 

8.198 

3.100 

60 

3.105 

3.214 

3.222    1 

21 
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49 
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Record  of  firing  with  3.2-inc^  breech-loading  rifie^ 


^\ 


i 

O 

u 

% 

a 


Barometer,  30.004. 
thermometer, 
83;  humidity,  43. 


\ 


Barometer,  30.134; 
thermometer, 
75.3;  hamldity, 
60. 


40 


41 
42 


Bai-ometer.  30.103; 
thermometer, 
79.7;  humidity, 
45. 


Barometer,    30.156; 
thermometer,  . 
72.2;  humidity,' 
66. 


52 

53 
54 
55 
66 
57 
58 
59 
60 
61 
62 


Powder. 


Projectile. 


Time. 


43 
44 


45 


46 

147 

'  48 

49 

50 

51 


Kind. 


1884. 


June  4 


June  5 
June   5 

June  5 
June  5 
June  5 


June  5 

June  5 
June  5 \ 
June  5 
June  5  i 
June  5] 


June  6 

June  6 ; 
June  6 
June  6 ; 
June  6 
June  6 
June  6 
June  6  ^ 
June  6  I 
June  6 
June  6 


o 
o 

a 

© 


a 

eS 
u 

tc 


f  >> 


PQ 


o 


Kind. 


Lbs. 


3 
3 


3 
3 
3 


3 
3 
3 
3 
3 


3 
3 
3 
3 
3 
3 
3 
3 
3 
3 


^        CO 

ei  i.  i^ 

"t:  >  *> 

*  s  © 
e      a 

t/2 


3  11 


■eg  c 

2  ••  "^  V   . 

.s,ai^  Si" 

■S  (D  4i>  es  O 


a  o  §« 
•  S     - 

si  os'^ 

3  "^     ,a 
.aS3  «  tl  ♦* 


a 
o 

OS 

o 


ee 
a 
c  . 

«  9 

fe-2 


2-g 

« 

2     :  S 

Ah        1  h-i 


9 

O 

B 


I 


L6«.  °    '  i  Lbs.  I  iMt 


13 


13 
13 


13 


13 

13 
13 
13 
13 
13 
13 
13 
13 
13 
13 


13 

13 


;  13 

i 

i  13  ■ 
13 
13 
13 
13 


Feet. 


Sj 


0  00  30,500   1,501      7.75  1 


I 


3  13  29,000 !  12.50 

3    5  26,500 13.50 


2  5529,250 

3  00  26,  500 
3  00  27,  500 


0  00  31,000   1,487    13.00 


3  0028,250; '  9. 

3  00125,000 12. 

3  00  28,000 ',  11. 

3  0046,000! i  13. 

3  0035, 750i I  12. 


OO 

50 

i 

so: 

50| 
5oS 


0  00  25, 750   1, 476  7.  50; 

;  I 

3  Oo! 1 6.00, 

3  00 ! 5.75; 

3  00 6.50 

3  00 6.00: 

3  00 6.001 

3  00 6.50' 

3  OOj 6.50; 

3  00 1 '  6.0O 

3  Ool ; I  6.00 

3  00 1 )  6.25 


o 

CO 


tt 

a 

•*» 

a 
o 
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'*^^ 


atSawlj,  Hooit,  N,  J.,  from  June  4,  to  June  16.  1884. 


^^<*  from  center  of  target, 
in  feet. 


Difltanoe  from  center  of  impact, 
in  feet. 


Vertical. 


Horizontal. 


Vertical 


Abort  Below.   Right      Left. 


Above. 


Below. 


Horizontal. 


Right 


Left. 


Special  remarks  about  each  fire, 
such  as  effect  on  piece,  sonnd  of 
projectile  iu  flight,  scattering  of 
fragments,  etc.,  etc. 


Thii  gun  had  been  previously  fired  39  rounds  as  a  3" 
breech-loading  rifle ;  after  which  it  was  sent  to  the  \^ 


converted 

_, West  Point 

foamlery  Auociation,  and  converted  in  to  a  3".20  brerch-loading 

titk. 


Find  into  sand  butt 
^'red  St  mile  target;  sighting  shots. 
<}ood  flights. 

■      &00        3.00 

t.O0l 6.00 

&26    


12.26 


4.2«-«'3=1.42       &  49-1-3=2. 83 


8.  00        9. 00 


18.84-1-3=6.28  i    6.68-1-3=2.23 


Fired  into  sand  batt 
Good  fli«ht8. 
4.00 


Fired   at   mile   target      Target 
y    20'  X  40',  made  of  l-inch  spruce 
boards. 


Mean  vertical  deviation  IVom  cen- 
ter of  impact,  6'.  28. 

Mean  horizontal  deviation  ftom 
center  of  impact,  2'.23. 

Mean  deviation  from  center  of  im- 
pact, 6'.e7. 


Fired   at   mile   target.      Target 
y    20'  X  40',  made  of  linch  spruce 
boards. 


Mean  vertical  deviation  from  cen- 
ter of  impact,  2'.  12. 

Mean  horizontal  deviation  Arom 
center  of  impact  2'.64. 

Mean  deviation  from  center  of  im- 
pact, 3'.39. 


Fired   at  mile   target.      Target 
>    20'  X  40',  made  of  1-inch  spruce 
boards. 


Mean  vertical  deviation  fW)m  cen- 
ter of  impact,  2'.05. 

Mean  horizontal  deviation  from 
33. 48-»- 10= 3. 35  I      center  of  Impact  3'.35. 

Mean  deviation  from  center  of  im- 
pact. 3'.93. 

Gun  washed  out,  examined,  and 
star-gauged. 
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Record  of  firing  with  3.2-ttioA  breech-loading  rifie  ^ 


Barometer.    29.088; 
thermometer,, 
ee.S;  bamidity,^ 
86. 


Barometer,    80.188; 
thermometer, 
79.8;  humidity, < 
83. 


o 

I 


63 
64 

66 

67 
68 
69 
70 
71 
72 
78 


74 

75 

76 
77 
78 
79 
80 
81 
82 
88 
84 


Time 


1884. 
June  12 

June  12 

June  12 

June  12 

June  12 

Jnne 12 

June  12 

Jnne 12 

Jane  12 

Jnne  12 

Jnne  12 


Jnne 16 

Jnne 16 

Jnne 16 
June  16 
Jnne  16 
June  16 
Jnne 16 
June  16 
Jnne 16 
June  16 
June  16 


Powder. 


Kind. 


I 

0 


>>,< 

*» 


pq 


a 

o 

d 


3 
8 
3 
3 
8 
3 
3 
8 
8 
3 
3 


8 

8 

3 
3 
3 
3 
8 
3 
3 
3 
3 


Pr«t)ectileft. 


Kind. 


Lb9. 

18 
13 
18 
18 
13 
13 
18 
13 
18 
13 
13 


4J 

•a 


13 

13 

13 
13 
13 
13 
13 
13 
18 
13 
13 


I 


o  / 
0  00 

3  00 

3  00 

2  60 

260 

2  60 

2  60 

260 

2  60 

2  50 

2  50 


0  00 
3  00 


3 
3 


00 
00 
3  00 
3  00 
3  00 
3  00 
3  00 
3  00 
3  00 


I 

-8 

1^ 


I  ^- 


I 


Lbi. 

26,500 


24,760 


1 

a 
Sss 


FMt, 

1,485 


1,474 


o 


7.oo; 

5.33 


6.40 

&83  1 

6.50 

6.76 

6.58 

6.50 

6.25 

6.75 

6.50 


!- 


&16 

6.60 

&00 
&83 
7.00 
7.16; 
&00' 
6.83; 
6.83; 
7.16: 
6.16 


1^ 

Si 

e 

o. 
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J  Samei^  Hook,  N,  J.,  from  June  4  to  June  16, 1684 — Continued. 


Biit^aoe  irom  center  of  target, 
in  feet. 


TertioaL 


Abore. 


Below. 


HorizontaL 


Right     Left. 


l^red  into  land  batth 


fitting  shot 


Diatanoe  f^m  eenter  of  imimot, 
in  feet. 


Vertical. 


Above. 


Below. 


Horizontal. 


Biglit 


Left. 


1 


•  •  •  - 

•  •  •  — 

100 
6.60 

9.00 
5.00 

1 ...... .. 

1.81 

2.85 

2.78 

1 
1 

1.22 
0.72 

150 

182 

100 

t       4.25 

5.50 

LSI 
0.99 
1.81 

*  •  •  « 

5.00  i 

1 

5.50  ! 

1 

'  •         •  •  • 

1.22 

.... 

1 

0.72 
2.22 



4.00 
7.76 
&00 

0.41 
3.94 

L54 

L78 

»      150 

^  ■'.'■[      7.75 

1.31 

Tired 

•'    20.4B 
»-8=3.81 

49.76 

7.23 

7.23 

6.10 

6.10 

49.76-#.8=6.22 

14.46-1- 

8=L  81 

12.20-1- 

8=1.53 

into  iftnd 

bntt .... 

ei  .    . 

Special  remarks  about  each  fire, 
such  as  effect  on  piece,  sound  of 
projectile  in  flight,  scattering  of 
fragments,  etc.,  etc. 


Fired  at  mile  target.  Target 
20^  X  40^,  maae of  linch spruce 
boards. 


Mean  vertical  deviation  from  cen- 
ter of  impact,  1'.81. 

Mean  horizon Ud  deviation  from 
center  of  impact,  1'.53. 

Mean  deviation  from  center  of  im- 
pact, 2'.  37. 


^^ting  Bhot 


*  •  •  • 

« 

•  ■  . 

.B 

2.83 

t( 

« 

. 

V 

175 

5 

0.75 

C 

•  "  •  . 

4.75 
1.75 


&00 
3.00 


1.25 
100 


••33    18.75 


5.00 


5.75 
7.65 


4.21 


4.00 
3.23 


5.50 

100  ! 


4.13 
113 
0.13 


5.00 


28.13 


10.60 


3.37 
0.37 
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4.62 
1.62 


7.57 


0.G2 


2.57 
0.57 


3.18 
5.08  ; 


1.43 
0.66 


193 


10.60 


^2- 42*9=1. 38   '  23.13-1-9=157  I  21. 20-«-9=l  36 


18.28 


13.28 


26. 56-1-9=1 95 


Fired   at   mile   target.      Target 
*    2(y  X  40',  made  of  I-inch  spruce 
boards. 


Mean  vertical  deviation  from  cen- 
ter of  impact,  2'.W. 

Mean  horizontal  deviation  from 
center,  of  impact,  2'.95. 

Mean  deviation  from  center  of  im- 
pact, 3'.  84. 

Gun  washed  out,  examined,  and 
8tar-gau(;ed.  The  powder-cham> 
ber,  as  well  as  the  rear  part  of 
bore,  has  enlarged  since  the  40th 
round  from  ^la  to  xlo  of  an  inch. 


Vv  Rrn^  40,  moanted  on  wooden  carriage  with  rope  brake.  Rounds  41-51 .  inclusive :  rope  brake  replaced 
?°QSD^on  bTHke ;  trail  and  st4>ck  of  carriage  badly  cracked.  Rounds  52-73,  inclusive :  monnted  on 
^carriage  with  rope  brake ;  the  trail  was  badly  bent.  Rounds  74-84  :  rope  brake  replaced  by  Buf- 
I'^brake.  Round  52 :  after  round  41  the  outside  joint,  between  the  steel  receiver  and  vrrought- 
i|?^y,  was  found  to  have  opened,  and  gan  was  escaping  along  the  steel  plug  which  had  been  in- 
l].v^  oy  the  West  Point  Foundery  Associiition  to  fill  up  the  old  vent  bushing;  the  steel  plug  was 
Iq?  ^placed  by  a  copper  one ;  after  round  52  the  opening  betwei^n  steel  and  wrought  iron  was  round 
mik  ^^^^  ^°^  increased  subsequently  but  slightly.  The  targets,  reported  as  being  distant  one 
^  *ere  really  87  yards  short,  in  consequence  of  the  position  in  which  it  was  necessary  to  place  the 

12.4 'f^^^loded;  bursting  charge.  6  ounces;  weight  of  shell,  13.6  pounds;  weight  of  shell  recovered, 
POQadJi ;  39  fragments,  16  under  1  ounce,  21  over  1  ounce,  19  over  2  ounces. 
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PLATE  II. 
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PLATE  III. 
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PLATK  VII. 
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APPEli^DIX     16. 


REPORT  ON  8HBAPNEL  AND  SHELL  FOR  3.2INCH  GUN  BY  THE  ORD- 
NANCE BOARD, 

(2  plates.) 

Ou  Jane  7, 1883,  the  Board  forwarded  to  the  Barean  designs  for  a 
shrapnel  and  shell  for  a  •3.2-inch  breech-loading  ritie,  with  a  request  for 
authority  to  procure  25  of  each  for  trial  at  Sandy  Hook. 

These  projectiles  were  to  be  made  with  the  Hotchkiss  band  and  to  be 

arranged  so  aB  to  use  a  time-fuze  at  the  point  and  a  percussion-fuze  at 

the  base.    Authority  was  granted,  and  the  projectiles  were  ordered 

^   from  Messrs.  Hotchkiss'  Sons,  Bridgeport,  Conn. 

.       The  sbrapnel  were  not  ordered  to  be  made  exactly  in  accordance  with 

the  design  forwarded  to  the  Bureau ;  the  walls  were  to  be  thicker,  so 

that  they  might  be  reduced  as  experiment  would  justify. 

Ou  December  4, 1883,  the  trials  commenced,  when  2  shrapnel  and  3 
Bbell  were  fired  to  obtain  pressures  and  velocities,  and  at  the  same  time 
Mwjrtain  whether  the  point  fuze  would  work,  the  base-fuze  hole  being 
dosed  bj  a  solid  plug.  The  weights  of  the  shrapnel  and  shell  were  re- 
81)ectively  15  and  13  pounds,  and  the  charge  of  powder  in  both  cases 
^38  3  pounds  of  I.K.B.  powder.  The  average  velocities  and  pressures 
J^^refor  the  shrapnel  1,389  feet  and  23,750  pounds,  and  for  the  shell 
J»475feet  and  23,500  pounds.  The  shrapnel  in  this  case  corresponded 
*^  the  drawing  sent  to  Messrs.  Hotchkiss'  Sons. 

Tliree  of  the  shrapnel  were  then  reamed  out  to  correspond  to  the 
Jhickuess  of  the  walls  on  design  sent  to  Bureau  and  flred  on  December 
'ii?^>  when  2  out  of  the  3  broke  up  in  gun. 

^hia  result  indicated  that  the  walls  of  the  shrapnel  could  not  be  safely 
^Qcjed  to  the  dimensions  of  the  original  design,  and  it  was  consequently 
J^Dcladed  to  retain  the  same  thickness  as  ordered  from  Messrs.  Hotch- 
^^f'  Sons. 

*^  Was  thought,  however,  that  the  weight  of  the  shrapnel  was  too 

^t,  aud  that  it  was  important  to  have  the  weights  of  the  shell  and 

^"'^pnel  as  nearly  equal  as  possible,  so  that  the  times  of  bursting  of 

^h  would  correspond  in  range  for  the  same  length  of  time-fuze.    In 

Jfder  to  efi'ect  this  it  was  concluded  to  reduce  the  length  of  the  cylin- 

^''^^^l  part,  and  2  were  prepared  in  this  way ;  one  with  the  head  or  cap 

^^e  of  brass  pinned  ou  as  before,  and  the  other  with  a  cast-iron  cap 

^^wed  ou.    These  were  fired  on  February  20,  1884,  with  good  results 

*^  fiir  as  the  strength  of  the  shrapnel  was  concerned.    Five  others  were 

f^^pared  by  the  same  reduction  in  length ;  four  of  them  with  brass 

^P8,  two  of  which  were  pinned  on  and  two  screwed  on,  and  one  with 

^t-iron  cap  screwed  on.    These  were  fired  on  March  5  and  gave  good 

^Its.    Six  more  wfere  prepared  of  the  same  length,  with  caait-\roii  ^^^^ 
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screwed  to  the  body  of  the  shrapnel,  and  were  fired  March  12  and  gave 
good  results 

CONCLUSIONS. 

The  Board  is  of  opinion  from  the  results  thus  obtained  that  the 
dimensions  of  the  shrapnel  for  a  3.2-inch  rifle  should  be  as  given  in  the 
drawing  herewith  forwarded.  The  brass  caps  are  preferred  to  the  cast- 
iron  ones,  for  the  reason  that  the  latter  are  liable  to  have  blow-holes  in 
them  irom  such  thin  castings,  and  screwing  on  is  thought  to  be  better 
than  the  use  of  pins. 

The  dimensions  of  the  shell  as  shown  in  the  drawing  forwarded  to 
the  Ordnance  OflBce,  February  6, 1884,  are  also  recommended.  No  firings 
have  been  made  with  these  projectiles  yet  to  tost  the  ba^e  fuze,  but  it 
is  recommended  that  both  projectiles  be  provided  with  point  time-fuze 
and  base  percussion-fuze. 

The  dimensions  of  the  shrapnel  are  given  for  the  Hotchkiss  band, 
but  it  is  not  thought  that  any  variation  will  be  made  except  to  substitute 
an  ordinary  copper  band  for  the  Hotohkiss. 

The  dimensions  and  location  of  this  band  will  be  determined  as  soon 
as  the  Board  has  the  3-inch  gun  altered  authorized  by  indorsement  on 
Board  letter  of  March  13,  1884.  This  report  is  made  in  advance  of 
complete  experiments,  so  as  to  give  as  much  information  as  possible  in 
answer  to  Bureau  letter,  of  July  28, 1883. 
The  firing  records  are  herewith  inclosed. 

T.  G.  BAYLOR, 
Colonel  of  Ordnance^  President  of  the  Board. 

GEO.  W.  McKEE, 

Major  of  Ordnance. 
CHARLES  SHALER, 

Captain  of  Ordnance. 
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Record  of  firing  with  3.20-ifioft  hreech-loading  rifle  No.  774,  eka 


Barometer,     80.350; 
thermometer,    81;  i 
humidity,  68. 


I 

*M    Time. 

J, 


Barometer,  80.283; 
thermometer,  50; 
humidity,  52. 


;  1883. 
850  Dec.    4 


Barometer,     80.376; 
thermometer,   41;  < 
humidity,  82. 


851  Deo.  4 

852  Deo.  4 

I 

853  Deo.  4 

854  Deo.  4 

I 

855  Deo.  6 


Barometer,     20.756; 
thermometer,37.7 ;  * 
humidity,  46. 


Barometer,     30.319 ; 
thermometer,    29;  i 
humidity,  88. 


866 

857 
871 


872 


874 


875 


Deo.    6 


Deo.    6 

1884. 

Feb.  20 


Feb.  20 


Mar.  5 


Mar.  5 


Powder. 


a 


876  Mar.  5 
'877  liar.   51 
'878  Mar.   5 


i 

pa 

a 
o 

1 

"3 

a 
g 


a 
« 


§ 

9 


Lbt.oz. 
8    0 


8  0 

8  0 

8  0 

3  0 

8  0 

8  0 

8  0 

8  0 


8    0 


8    0 


3    0 


Prqjectile. 


I 

M 


rSbeU.. 


3 

o 


Shrapnel 
SheU 

Shrapnel 

Shell.... 

Shrapnel 
1^ 

Shrapnel 


X 


Shrapnel 

m 

Hctchkiee 
ehrapnel. 


.do 


•3 

•g 
S 

ii 


\vA 


-a 


Lbt.oz. 
13    0 


15  0 
13  0 

16  0 

13  0 

15  4 

15  4 

15  4 

13  0 


18    0 


13    8 


13  10 


a 
o 

« 


8  8022,500 


8  80 
8  80 

4  30 

4  80 
4  30 

4  30 

4  30 
500 


I 


23,000 
24,500 

• 
24,500 

22,500 
26,500 

24,500 

24,500 
25,500 


8  00  23.500 


3  00 


2  45 


Aa    ft  12  461... 


I 


FL    FL 

1473  6.02 


1386 


7.00 


14786.02 


1392 


1480 


7.83 

6w75 
7.00 

7.52 

7.20 
7.00 


7.00 


6.50 


8.00 
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^ Sandy  Ewk,  N.  J.,  from  December  4,  1883,  to  March  5, 1884. 


0 

o 
S 


3i 


»i 


e 
1 


point 


Time  to 

bfllStillg^ 

point 


3 
S 

3 


m 

11- 


Lost., 


195 
2,055 

1,153 
1,129 


Special  remarks  abont  each  Are.  each  as  effect  on  piece,  sonndof  proiJectilo 
in  flight,  scattering  of  foagments,  etc.,  etc. 


el 


• 


s 


o 

1 


K 

V 
H 

a 


B 


Broke  ap  in  gun 


The  shrapnel  used  in  rounds  851  and  853  were 
bored  out  so  as  to  have  an  interior  diameter 
of  2A  inches  and  contained  a  bursting  charge 
of  1|  ounces  of  musket  powder,  which  is  in> 
eluded  in  the  weieht  given  of  15  pounds. 
Contained  115  lead  balls— 32  to  the  pound. 

The  shell  used  in  rounds  850,  852,  and  854  con- 
J  tatned  a  bursting  charge  of  8|  ounces,  which 
^     is  included  in  the  weignt  given  of  13  pounds. 

The  shrapnel  used  in  rounds  855,  856,  and  857 
were  made  in  accordance  with  the  drawing 
furnished — the  namber  of  balls  contaJnea 
in  each  one  being  written  under  the  word 
shrapnel  in  the  column  headed  proJectUe; 
these  also  contain  a  bursting  charge  of  1| 
ounces  musket  powder. 


Broke  up  in  gun 


Fired  over  water.    Erupp  time- fuze  set  to  explode  at  1,004  yards.    Shrap- 
nel probably  did  not  break  up  or  explode. 


•/ 


y 


Pired  over  water.  Erupp  time-fn«e  set  to  explode  at  1,094  yards.  Shrap* 
nel  did  not  explode.    Struck  water  in  lU  seconds. 

The  shrapnel  used  in  round  871  contained  a  bursting  charge  of  1}  ounces 
musket  powder  and  107  lead  balls,  32  to  the  pound,  the  weight  of  both 
bursting  charse  and  baUs  being  included  in  the  weight  given  ofl3  pounds. 
The  cap  of  this  shrapnel  was  made  of  brass. 

The  shrapnel  used  in  round  872  same  as  one  used  in  round  871  with  the  ex- 
ception that  the  cap  was  made  of  cast  iron  instead  of  brass,  and  both 
differed  fh>m  those  used  in  rounds  851,  and  following,  in  that  the  caps 
were  screwed  to  instead  of  being  pinned  to  the  body  of  the  shrapneL 

^^-4  ^    Empn  time-fuze  set  to  explode  at  1,094  yards.    Burst  in  air  100 
yards  in  firont  of  target,  about  50  feet  above  ground. 

Erupp  timc»-ftize  set  to  explode  at  1,094  yards.    l>id  not  explode. 
Struck  ground  118  paces  beyood  last  target. 

Erupp  time-fuze  set  to  explode  at  1,094  yaMs.    Burst  in  air  over 
front  target  and  about  50  feet  above  ground. 

Erupp  time-fuze  set  to  explode  at  1,039  yards.    Burst  in  air  76 
yams  in  front  of  front  target  and  about  50  feet  above  ground. 

Erupp  time-fuze  set  to  explode  at  1.039  yards.  Burst  m  air  over 
front  target  and  abont  40  feet  above  ground.  The  shrapnel 
usedinrounds874, 876,  877,  and  878  had  brass  caps;  the  caps  in 
rounds  874  and  877  being  screwed  to  the  body  of  the  shrapnel 
and  the  ca])s  in  rounds  876  and  878  beins;  fastened  to  shrapnel 
by  screw-pins.  The  shrapnel  in  round  875  had  cast-iron  cap 
which  was  screwed  to  the  body  of  the  shrapnel.  All  the 
shrapnel  contained  a  bursting  charge  of  1}  ounces  musket  now- 
der,  and  110  lead  balls->32  to  the  pound—the  wel^'ht  ot  V^\2bi 
barBting  charge  and  bullets  being  include  ^  t\i«  ^c^^Ma 
given. 


/ 
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Record  of  firing  wiih  3.2-ificA  hreech-loading  rifie  No,  1^  S.  B/i 


Barometer,  29.893;  thermome- 
ter,  62.8 ;  humidity,  68. 


O 

• 

1 

2 
3 
4 

6 

6 

Time. 

Powder. 

ProJectUe. 

Month. 

Day. 

12 
12 
12 
12 
12 

12 

Kind. 

ft 

1 

• 
Kind. 

4i 

ft 

1884. 
March. 

March. 

March. 

March 

March 

March 

-.1 

Lbt. 
3 

8 

3 

3 

3 

3 

Oz. 

0 

0 
0 
0 
0 

0 

• 

1 
1 

« 
-SB 

1 

O 

n 

13 
13 
13 
18 
13 

13 

(h. 

8 

8 
8 
8 
8 

0 

i 


Beo« 
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at  Sandy  Hook,  N.  J.,  on  March  12,  1684. 


Time  to 


Wind, 

•»^.barjttog 
dlnctioiL    l*'^*- 


t|s§ 


I 


it 


'a 


I  . 
1^ 


I 


Spedal  remarks  abont  each  fire,  anch  as  effect  on  piece,  aonnd  of  proJeotUe  in 

flight,  Boattering  of  fragments,  etc.,  etc. 


Lost.. 


21 
3 
3 


Time  to 

striking 

point. 


3 


"J 


1S  • 


c  o. 


^^s  a  a 

•OS     9  '*a 


Elmpp  time-ftize  set  to  explode  at  1,039  yards.    Barst  in  the  air 

KK  m  front  of  target,  and  30^  above  gronud. 
Krnpp  time-foze  set  to  explode  at  1,U39  yards.    Bnrst  on  strlk 

ing  SC  in  rear  of  front  target. 
Kmpp  time-fuze  set  to  en>rode  at  984  yards.    Burst  in  the  air 

SO*  in  ttont  of  target,  ana  30'  abore  ground. 
>  Kmpp  time-fuze  set  to  explode  at  984  yards.    Bnrst  on  striking 

21  yards  in  front  of  target. 
Kmpp  time-fuze  set  to  explode  at  984  yards.    Struck  20  yards 

short  of  target  and  probaoly  bnrst. 
Krupp  time-fbze  set  to  explode  at  984  yards.    Went  over  1st  and 

2d  targets.    Exploded  when  near  mile  targets. 


.     CO- 
V     E  .-I  ^ 

The  shrapnel  used  in  rounds  1,  2,  3,  4,  and  6  had  oast-iron  caps  screwed  to  the 
body  of  the  shrapnel,  and  contained  a  bursting  charge  of  1}  ozs.  musket  powder 
and  110  lead  balls  32  to  the  pound.  The  weight  of  the  balls  and  bursting  charge 
being  included  in  the  weignts  given. 

The  shrapnel  used  in  round  6  had  cast-iron  cap  screwed  to  the  body  of  the  shrap- 
nel, and  contained  a  bursting  charge  of  1|  ozs.  of  musket  powder  and  108  lead 
balls  32  to  the  pound.  The  weight  of  bursting  charge  and  balls  being  included 
in  the  weight  given. 

From  rounds  2  to  6,  inclusive^  wheels  locked  to  trail  by  ropes. 
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Appendix   17. 


TRIAL  OF  10-INCH  RIFLED  MORTARS  NOS.  1  AND  2,  BY  THE  ORDNANCE 

BOARD, 

(5  plates.) 

By  direction  of  the  Chief  of  Ordnance,  in  a  letter  dated  July  19, 1883, 
*  test  was  made  of  two  rifled  mortars  formed  from  two  10-inch  smooth- 
bore Rodman  gans  by  cutting  them  off  at  planes  30  inches  from  their 
muzzles  and  rifling  them. 

The  mortars  diflered  in  their  rifling,  and  were  numbered  1  and  2. 
Mortar  No.  1  contained  thirty  lauds  and  thirty  grooves  0.075  inches 
^eep  of  right-handed  twist,  increasing  from  one  turn  in  one  hundred 
calibers  at  the  breech  to  one  turn  in  thirty  five  calibers  at  1  inch  from 
the  muzzle.  Mortar  No.  2  had  forty  lands  and  forty  grooves  0.04  inches 
deep  of  right-handed  twist,  increasing  from  one  turn  in  forty-five  cali- 
bre at  the  breech  to  one  turn  in  twenty  five  calibers  at  1  inch  from  the 
^Qzzle.  In  both  mortars  the  length  of  chamber  was  7.5  inches,  the 
fe»gth  of  bore  was  82.5  inches,  and  the  length  of  the  rifled  part  of  the 
bore  was  72.5  inches.  To  overcome  their  very  considerable  preponder- 
i^uce  a  counterpoise  ring  of  lead  was  cast  about  the  muzzle.  For  this 
purpose  two  wrought-iron  rings  were  placed  about  the  chase,  one  at  the 
'UQzzle,  the  other  at  a  distance  of  15  inches  from  the  first,  both  rings 
^ing  fastened  with  set  screws.  A  casing  of  sheet-iron  was  then  fas- 
-^Ded  to  the  [)eriphery  of  the  rings  by  screws,  and  an  opening  in  the  top 
^^  the  casing  was  left,  through  which  was  poured  a  quantity  of  molten 
^  sufficient  to  overcome  the  preponderance. 

The  carriage  used  for  these  mortars  was  made  by  Iwlting  to  the  interior 
'f  the  cheeks  of  a  15-inch  carriage  radial  struts  which  at  their  upper 
'^tremities  bore  trunnion  beds.  Cap  squares  were  also  attached  to  the 
^age. 

The  projectiles  were  thirty-six  ordinary  Butler  10-inch  shell,  provided 
Jith  three  dift'erent  kinds  of  sabots,  denominated  sabots  A,  B,  and  C. 
fabot  A  was  of  the  Butler  form,  differing  from  those  heretofore  furnished 
^rtbe  10-inch  shell  in  that  the  lip  was  thirty-one  thousandths  of  an 
uch  thinner,  while  the  groove  was  deeper.  Sabot  B  was  of  brass,  hav- 
?ga  lip  0.25  inch  thick  at  the  base  and  a  depth  of  0.85  inch,  with  30 
"lbs  on  the  exterior  which  fitted  the  grooves  in  mortar  No.  1.  Sabot  0 
^asmaile  of  brass  also,  and  was  similar  to  the  Dard  sabot  described  in 
j^stmction  Notes  No.  8,  and  illustrated  in  Fig.  15  of  that  note,  but 
i^ffert?d  from  the  one  therein  descrilied  by  lacking  the  two  grooves  on 
b^  exterior  cylindrical  surface.  The  composition  of  the  alloy  was  the 
'^D'e  for  all  these  sabots. 

The  programme  of  trial  which  the  Board  was  directed  to  carry  out 
'^d  the  expected  ranges,  velocities,  and  pressures  are  sho\^\\  by  tti^i 
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following  tabular  statement.    Projectiles  with  sabots  A  and  B  wc 
be  fired  from  nrortar  No.  1;  those  with  sabot  0  from  mortar  No.  2 


Table  1. 


Density     p, 
Cbarge.       of      '    fll"'    ;  Probable  range. 


loading. 


Poitndg. 

Cub.  in. 

o    / 

30 

38 

6  15 

30 

38 

28  30 

30 

38 

45 

15 

76 

60 

Yard*. 

2, 000  to  2. 300 

6,500 

7, 000  to  7. 500 

Not  given. 


Total  nambor  to  be  fired 
Total  number  supplied .. 


Number  remaining  to  determine 
initial  velocity 


Number  of  rounds. 

Sabot 
A. 

Sabot 
B. 

3 
3 
2 
2 

Sabot 
C. 

3 
3 
2 
2 

3 
3 
2 
2 

10 

10 

10 

14         10 

12 

4 

2 

For  30-pound  charges,  velocity  required  about  080  feet;  preHsnre.  about  29,000  pounds. 
For  15-pound  charges,  velocity  required  from  650  to  700  feet.    Pressure  in  no  case  to  exoec 
pounds. 
Distance  of  base  of  projectiles  from  ISottom  of  bore  about  17  3  inches. 

As  the  above  table  shows,  ten  projectiles  pf  eaeh  kind  were 
fired,  and  from  the  number  supplied  there  were  four  with  sabot  A, 
with  sabot  B,  and  two  with  sabot  O,  which  could  be  utilized  in  • 
mining  initial  velocity  when  firing  into  the  butt,  and  this  velocity 
also  be  determined  for  the  three  shots  in  each  series  fired  under  ( 
The  pn^ssure  could  be  determined  for  each  round. 

The  trial  of  mortar  No.  1  was  commenced  August  1,  1883,  by 
one  round  with  a  sabot  A  projectile  and  a  charge  of  30  pounds  of 
M.  powder,  having  a  specific  gravity  of  1.750  and  a  granulation  • 
The  air  space  was  38  cubic  inches  to  a  pound  of  i)Owder,  the  dis 
between  the  base  of  the  projectile  and  the  bottom  of  the  bore 
fixed  by  a  stick,  1  inch  square,  inserted  in  the  cartridge  bag. 
instrumental  velocity  at  112  feet  from  the  muzzle  was  but  858  fee 
as  the  crusher  gauge  gave  no  indication  of  pressure  a  second  roun 
fired,  in  which  the  conditions  of  loading  were  the  same,  while  thedis 
between  the  wire  targets  was  so  diminished  that  the  instruit 
velocity  might  be  determined  at  87.5  feet  from  the  muzzle,  as  i 
deemed  possible  that  the  recording  instruments  had  been  intei 
with  by  tbe  shock  of  discharge  reaching  them  before  they  had 
actuated  by  the  projectile.  The  velocity  in  this  second  round  wt 
feet,  which  wa6  less  than  that  desired,  and  as  the  crusher  gauge 
failed  to  indicate  any  pressure  the  Kodman  gauge  w^  aubsti 
for  it. 

In  the  third  round  fired  with  a  sabot  A  projectile  and  the 
charge  as  before,  a  pound  Xif  powder  was  caused  to  occupy  a  spi 
36  cubic  inches,  but  the  velocity,  828  feet  at  87.5  feet  from  the  m 
and  the  pressure,  9,000  pounds  per  square  inch,  were  so  low  that,  i 
fourth  round,  tbe  air  space  was  reduced  to  30  cubic  inches  per  | 
of  powder.  The  velocity,  903  feet,  and  pressure,  14,500  pounds, 
still  too  low,  it  was  concluded  that  the  projectile  should  be  plac 
contact  with  the  charge  during  the  subsequent  firing.  At  the 
round,  with  the  sabot  A  projectile  in  contact  with  its  oharg< 
instrumental  velocity  at  87.5  feet  was  931  feet,  and  the  pressur 
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17,500  ponnds.    This  velocity  approximated  to  that  laid  down  in  the 
programme  and  was  considered  satisfactory. 

T^e  firing  under  6^  15'  of  three  rounds  with  the  sabot  A  projectile 
then  began,  and  gave  a  mean  range  of  1,994  yards,  with  a  mean  lateral 
deviation  of  a  little  over  7  yards,  the  errors  corresponding  very  nearly  to 
tbe  differences  in  instrumental  velocity,  while  the  projectiles  all  gave  a 
fair  flight. 

Three  rounds  were  then  fired  under  the  same  angle  with  the  sabot  B 
l)rojectile  and  the  same  charge  of  powder.  The  ranges  were  lower  and 
the  deviations  were  not  quite  so  regular  as  with  the  sabot  A  projectile. 
Of  the  flights  one  was  fair  while  two  were  slightly  irregular.  It  was 
Bnpposed  that  the  diminution  of  range  and  the  irregularities  of  flight 
might  have  been  due  t<i  the  fact  that  the  sabot  B  projectiles,  which,  as 
stated  before,  were  ribbed,  could  not  rest  iu  contact  with  the  charge, 
being  stopped  on  reaching  the  bottom  of  the  grooves,  whereas  the  sabot 
A  projectiles  could  pass  down  the  bore  beyond  thfe  groves  until  they 
•est^l  upon  the  cartridge  bag.  To  take  nj)  the  space  between  the  bot- 
om  of  the  sabot  B  projectile  and  the  charge  3  pounds  of  x)owder  were 
idded  in  the  subsequent  rounds,  making  the  total  charge  fired  with 
hese  shells  last  mentioned  33  pounds. 

Firing  under  28o  36'  with  the  sabot  A  projectile  gave  a  mean  pres- 
are  of  22,700  pounds,  a  mean  range  of  6,786  yards,  and  a  mean  devia- 
ion  of  45  yards.  The  mean  errors  in  range  and  deviation  were,  respect- 
^*^ly»  74  yards  and  12.6  yards.  As  the  range  of  one  projectile  was  lost, 
onr  were  fired,  of  which  three  gave  a  good  and  one  gave  a  fair  tiight. 

Three  sabot  B  projectiles  were  then  tired  under  the  same  angle  with 
3  iwunds  of  i)owder,  giving  a  mean  pressure  of  18,700  pounds,  a  mean 
ange  of  6,588  yards,  and  a  mean  deviation  of  59  yards,  while  the  mean 
rrorein  range  and  deviation  were  40  yards  and  16  yards,  respectively. 
)f  the  flights  two  were  fair  and  one  was  good. 

Firing  under  45^  with  the  sabot  A  projectile  gave  a  mean  pressure  of 
0,275  ponnds,  a  mean  range  of  7,474  yards  and  a  mean  deviation  of 
60.5  yards,  while  the  mean  errors  were  68.5  yards  and  1.5  yards.  One 
•rojeetile  gave  a  slightly  irregular,  the  other  a  good  flight.  The  sabot 
h^rojectile  gave  a  mean  range  of  7,151  yards  and  a  mean  deviation  of 
S7.5  3'ards,  with  mean  errors  in  range  and  deviation  of  375  yards  and 
•5  janls.    One  flight  was  good  and  one  was  fair. 

?iriog  under  60°  was  to  be  carried  on  with  15  pounds  of  powder  only, 
Ddas  a  lot  of  salK>ts  furnished  for  the  Butler  10-inch  projectiles  some 
ttie  ago  were  on  hand  the  projectiles  recovered  after  jirevious  tiring 
fre  furnished  with  these  old  sabots  and  fired  into  the  butt  to  deter- 
ine  velocities  and  i)re8sure8.  At  first  the  projectile  was  placed  at  the 
ffie  distance  from  the  bottom  of  the  bore  as  in  the  preceding  rounds, 
th  30  pounds  of  powder,  but  when  fired  with  lo  pounds  of  sphero  hex- 
onal  i>owder  with  a  density  of  1.728  and  granulation  of  123,  it  gave 
3h  a  low  velocity  and  pressure  that  it  was  considered  impracticable 
use  any  air  spa^e  with  such  a  charge  of  this  powder.  It  was  then 
sided  to  reduce  the  thickness  of  the  lip  of  the  sabot  A  to  0.125  inch, 
ke  the  cannelure  in  the  base  1.25  inch  instead  of  0.85  inch,  and  fire  a 
►t  w^ith  B.  V.  M.  powder,  placing  the  projectile  in  the  same  position 
when  the  30-pound  charge  was  used,  and  recover  the  projectile,  for 
ich  latter  purpose  it  was  tired  into  the  butt.  Having  been  recovered, 
re  were  no  signs  that  the  sabot  had  taken  the  grooves,  whereupon  the 
jectile  was  placed  directly  in  contact  with  the  charge  and  again  fired 
I  recovered,  with  a  like  result.  It  was  concluded  from  this  that  it 
J  impracticable  to  &re  these  projectilea  with  15-pound  cbarges  oi  «>\3iOKi 
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molded  powders  as  we  have  at  present  in  our  service,  as  their  denm- 
ties,  averaging  over  1.7,  are  too  great  to  give  the  necessary  expansion  to 
this  sabot. 

Two  rounds  were  then  fired  with  the  sabot  B  projectile  under  the 
same  elevation  with  one-half  the  charge  used  l>efore;  that  is,  with  16i 
pounds  of  E.  V.  M.  powder,  the  ribs  of  the  sabot  being  at  the  bottom 
of  the  grooves.  The  first  shot  moved  irregularly  over  a  part  of  its  path 
while  the  second  tumbled.  The  conclusion  is  that,  with  our  powders  at 
least,- 15  pounds  is  too  small  a  charge  to  give  regular  flights  with  either 
tlie  Butler  or  ribbed  projectile  in  mortar  No.  1. 

The  trial  of  mortar  No.  2  commenced  August  14, 1883,  with  the  firing 
of  H  30-ponnd  charge  of  E.  Y.  M.  powder  and  a  projectile  furnished  with 
sabot  C,  which  was  aimed  at  the  butt  in  order  that  velocity  and  pres- 
sure might  be  determined.  The  instrumental  velocity  at  87.5  feet  from 
the  muzzle  was  958  feet,  which  being  satisfactory,  two  rounds  more  were 
fired  with  the  same  charge,  but  both  projectiles  ^^  tumbled."  One  round 
was  then  fire<l  with  the  ordinary  Butler  sabot  and  gave  a  good  flight. 
As  the  principal  object  of  this  firing  was  to  test  the  action  of  the  sabot 
O  projectile,  and  as  it  failed  to  give  any  suitable  results  the  firing  was 
discontinued  till  further  orders. 

SUMMARY. 

In  mortar  No.  1  the  sabot  A  projectile,  with  30-i)ound  charges,  gave 
eight  fair  flights  and  one  which  was  slightly  irregular. 

The  sabot  B  projectile  gave  one  fair  and  two  slightly  irregular  flights 
with  30-pound  charges,  and  in  the  five  rounds  with  33-pouud  charges 
the  flights  were  all  fair. 

No  favorable  resultjj  were  obtained  with  either  of  the  projectiles  when 
charges  less  than  30  pounds  were  fired. 

The  errors  in  range  and  deviation  were  about  the  same  with  the  sabot 
A  and  with  the  sabot  B  projectiles. 

It  may  be  couclnde<l  that  with  such  molded  powders  as  are  now  on 
hand  No.  1  mortar  with  the  sabot  A  projectile  gives  good  results  with 
charges  of  30  pounds,  and  the  sabot  B  projectile  with  charges  of  33 
pounds,  but  the  latter  is  more  difiicult  to  load  than  the  former. 

In  mortar  No.  2  the  modified  Dard  sabot  was  unsatisfactory. 

In  conclusion,  the  Board  would  recommend  that  a  supply  of  powder 
having  the  same  granulation  as  the  E.  V.  type,  viz,  72,  and  a  density 
of  nearly  but  not  less  than  1.6  be  obtained  and  tried  with  these  mortars. 
The  granulation  is  made  the  same  to  facilitate  procuring  as  small  a  sup- 
ply as  practicable.  Five  barrels  would  be  enough  for  the  present* 
From  the  experiments  thus  far  completed  the  Board  is  unable  to  form 
any  definite  opinion  as  to  the  relative  merits  of  the  two  kinds  of  rifling. 

GEO.  W.  McKEE, 
Major  of  Ordnancf-^  Senior  Member  present. 

GHAELES  8HALER, 

Captain  of  Ordnance. 
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Beoord  of  firing  with  lOAneh  rifM  wioriar,  No.  1  {converted  from  a  l(Mi 


A.  M.— Barometer,  ( 
30.021 ;  thorniom-  I 
eter,  78;  humid- -J 
ity,  54 ;   wind,  6 
miles  an  hoar.       I 


P.  M.— Barometer, 
29.962 ;  thermom- 
eter, 85;  humid- 
ity. 48;  wind,  6 
miles  an  hour. 


A.  M. —Barometer, 
29.852:  thormom- 
et«r,  74;   humid- . 
ity,  85;  wind,  16 
miles  an  hoar. 


A.  M.— Barometer, 
29.975:  thermom- 
eter, 72;    humid- < 
ity.  53;  wind,  16 
miles  an  hour. 


P.  M — Barometer, 
29.978;  thermom- 
eter, 78;   humid- '^ 
ity,  68 ;  wind,  21 
miles  an  hoar. 


A.  M.— Bnromoter. 
30.192;  thermom- 
eter, 71 ;  humid- 
ity, 71;  wind,  4 
miles  an  hour.       { 
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wtk-bore)t  at  Sandy  Hook,  N,  J.,  from  August  1  to  August  9, 1883. 
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proper  position. 

Deiiftu  J- oi  loadiuj;  36cnbic 
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Ungth  of  stick.  16".  3. 
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crnahrr  gauge  in  this 
and  Hub6C4iuent  rounds ; 
density  of  loading  30 
cubic  *  inches  to  the 
pound ;  length  of  stick, 
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Flight  fair. 


To  overcome  preponderance 
a  ban'!  was  attached  tii  the 
mnz/.le  consistiuir  of  1.845 
pounds  (»f  lead  inclosed  in 
au  iron  cnsing,  the  whole 
weighing  'J,2d5  pounds. 

To  atlajit  the  15  inch  car- 
riane  a«'lected  to  this  nmr- 
tar  false  trunnion  beds 
wei-e  added.  1\"  thick, 
wiilih  were  supported  ou 
tlie  inside  by  au  adilitional 
brace.  \\\''  square.  bolt«*d 
to  the  cheeks  on  the  in- 
side, ^long  the  line  of  the 
middle  strat. 


Muzzle    band    stalled;    all 
case-screws  in  rear  end  of 
bund     broken    and    band 
started  forward. 
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C  Left  cheek  of  carriage  show- 
{      lug  signs  of  buckling. 

C  Both  cheeks  of  carriage,  the 
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(  ofbnckiing. 
Before  firing  round  No.  19 
cheeks  of  carria^ie  re- 
paired, as  follows:  Biace, 
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added  in  r«  ar,  3i"  square, 
for  16".  and  below  \"  b  v  34''. 
Two  lugs  on  eiich  siile  in- 
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to  trunnion  bed-plates.  1|" 
assembling  bolt  added  just 
in  front  of  upper  part  of 
front  transom.  |"  bolta 
for  2d  and  3d  cheek  struts 
replaced  by  1"  bolts. 
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Beoord  of  firing  wUk  lO-ineh  rifled  mariar,  No,  1  {wnvertedfr» 
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ek  Bodman  amootk-bare),  at  Sandg  Hook,  If,  J,,  ^c. — Continued. 
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Special  remarks  aboat  each  fire,  each  as  effect  on  piece,  sound 
of  projectile  in  flight,  scattering  of  fhkgments,  etc.,  etc 
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Record  of  firing  with  lO-inek  rifUd  wwtm 

IConverted  from  » lO-ivi 
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-^0. 2,  at  Sandy  Hook,  N.  J,,  on  AuguH  14,  1884. 
^^odnuD  smooth-bore.] 
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^     1 

^ 

1 

a 

tt. 

o 

a 

« 

1 

4 

S 

iS 

Special  roBiarks  about  each  fire,  such  as  effect  on  piece,  sound  of  projjeotile  In 

flight,  scattering  of  fragments,  etc.,  etc. 


P4M<.  <  Tards.  ^Tds. 


...  I ....  I  Fired  into  batt  ...< 


Shot  recovered.  Sabot 
stripped,  and  marks  on 
it  indicated  slipping  in 
grooves. 


I 

J 


fSame  band  to  overcome  prepond- 
erance as  used  with  mortar  No. 
1,  bat  with  35  pounds  less  of 
lead  used  with  this  mortar, 
making  its  weight  2,260  ponnds. 
Muzzle  band  moved  slightly 
forward. 


03         1,853 


17 


40  i      1, 770  :  19 


1,843  i  15 


^ 

i 

« 

o 

a 

a 

Flight  very  irregular. 

o  S 

^ 

A  0. 

.s 

•  • 

c 

'Ch 

1 

§1 

SS 

o 

s--^ 

Flight  very  irregular. 

•o 

«*> 

1 

s 

?- 

•S^- 

• 

■ 

1^ 

o 

Flight  good. 

4a 

« 

a 

» 

k 
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Star-gauging  of  lO-tncA  rifled  mortar  No.  1. 


^ 

u 

»« 

h          ! 

^ 

u 

u 

t* 

9 

& 

5 

S 

4i« 

5 

9 

•S 

« 

• 

«> 

• 

« 

O 

• 

1 

t| 

|4 

H 

5  • 

^  S 

• 

ii 

79  P 

H 

•a  P 

p 

a 

it 

§8 

ii 

S 

1883, 

i^ 

i'i 

B 

"J 

*s 

a 

Zs 

-s 

-.s 

s 

^1 

1 

r^9 

is5 

ii 

69 

a- 

5     1 

9i 

6* 

a  <B 

i' 

B 

{) 

9 

P          ! 

P 

p 

p 

p 

^ 

< 

< 

< 

1 

! 

Inehet. 

< 

< 

< 

Indi«8. 

Inehst. 

Inehet.l 

Inehe*. 

Inehei. 

IfuOUM. 

72 

10.009 

10.011 

10. 010 

10.011 

!    36 

10. 010 

10. 013 

10. 018 

10. 014* 

71 

10.009 

10.  oil 

10. 010 

10. 012 

35 

10. 010 

10. 013 

10.  013 

10. 014 

70 

10.009 

10.  on 

10.  on 

10.  on 

34 

10. 010 

10. 013 

10.013 

10. 014 

69 

10.009 

10.  on 

10.  on 

10.  on 

1    33 

10. 010 

10. 013 

10. 013 

10. 014 

68 

10. 010 

10.  on 

10.  on 

10.  on 

1    32 

10. 010 

laois 

10. 013 

10.014 

67 

10. 010 

10.011 

10.  on 

10.011 

81 

10. 010 

10. 018 

10.  013 

10. 014 

66 

iaoo9 

10.  on 

10.  on 

10.  on 

80 

10.010 

10. 013 

10.  018 

10. 014 

65 

10.009 

10. 012 

10.  on 

10. 012 

29 

10. 010 

10. 013 

10.  013 

10.014 

64 

iaoo9 

10. 012 

10.011 

10. 012 

28 

10. 010 

10. 013 

10. 018 

10. 014 

68 

10.009 

10. 012 

10. 012 

10. 012 

27 

10.010 

10.013 

10. 013 

10. 014 

62 

10.009 

10.  012 

10. 012 

10. 012 

26 

10. 010 

10.  013 

10.018 

10.014 

61 

10. 010 

10. 012 

10. 012 

10.  012 

25 

10. 010 

10. 013 

10.  013 

10.  (114 

60 

10.  010 

10. 012 

10. 012 

10.  012 

24 

10. 010 

10. 012 

10.  013 

10. 015 

69 

10. 010 

10. 012 

10. 012 

10.  013 

23 

10. 010 

10.  012 

10. 014 

10.014 

68 

10. 010 

10. 012 

10. 012 

10. 013 

22 

10. 010 

10. 013 

lu.014 

10.  014 

67 

10. 010 

10.012 

10. 012 

10. 013 

21 

10. 010 

10. 013 

10.  014 

10.  014 

66 

10. 010 

10.  012 

10. 012 

10. 012 

20 

10.  010 

10. 013 

10.014 

10. 015 

65 

10. 010 

10. 012 

10  013 

10.  013 

19 

10.011 

10. 013 

lu.  015 

10.  015 

54 

10.  oil 

10. 012 

10.  012 

10. 013 

18 

10.011 

10. 014 

10.015 

10. 015 

53 

10. 010 

10. 012 

10. 012 

10. 013 

17 

10.011 

10. 014 

10.015 

10.  015 

52 

10. 010 

10. 012 

iaoi2 

10. 013 

16 

10.  on 

10. 014 

10.  015 

10.015 

51 

10. 010 

10. 012 

10. 013 

10. 013 

15 

10.  on 

10.  014 

11'.  015 

10. 015 

50 

10. 010 

10. 012 

10. 014 

10.  014 

14 

10.  012 

10.  014 

1i>.015 

iaoi5 

49 

10.  oie 

10. 012 

10. 013 

10. 013 

13 

10. 012 

10.014 

10.  014 

10.015 

48 

10.  010 

10. 012 

10. 013 

10. 014 

12 

10.011 

10. 014 

lU.  015 

10. 015 

47 

10. 010 

10. 012 

10.  013 

10.  014 

11 

10. 012 

10.  015 

10. 015 

10.015 

46 

10.  010 

10. 012 

10. 013 

10.014 

10 

10.011 

10.015 

10. 016 

10. 016 

45 

10. 010 

10. 013 

10. 018 

10. 014 

9 

10.  on 

10. 015 

10.016 

iaoi6 

44 

10. 010 

10.013 

10. 012 

10. 014 

8 

10.012 

10. 015 

10. 015 

10.  016 

43 

10. 010 

10. 012 

10. 012 

10. 014 

7 

10.  012 

10. 014 

10. 015 

10. 016 

42 

10.010 

10. 012 

10.  013 

10.014 

6 

10l012 

10. 015 

16.016 

10.018 

41 

10.010 

iaoi2 

10. 013 

10. 013 

5 

10.012 

10.015 

10. 016 

iaoi7 

40 

10. 010 

10. 012 

10. 013 

10.  018 

4 

10.012 

10. 015 

10. 016 

10. 017 

89 

10. 010 

10. 012 

10.  013 

10.  018 

3 

iaoi2 

10. 016 

10. 016 

10. 017 

88 

10. 010 

10. 012 

10. 013 

10. 013 

2 

10. 018 

10. 017 

10.016 

10.017 

87 

10. 010 

10.012 

iaoi3 

10. 013 

1 

10. 015 

10. 017 

10.017 

10. 018 

CONTINUATION  OF  TRIALS  BEPOBTED  AUGUST  18,  1883. 

This  trial  was  ordered  in  a  letter  from  the  Chief  of  Ordnanoe  date 
December  22, 1883. 
The  principal  dimensions  of  the  mortars  are  as  follows : 


Length  of  bore,  total 
Length  of  riflbig. . . . 
Diameter  of  bore  . . . 

Knmber  of  luids 

Knmber  of  groovea . 

Width  of  lands 

Width  of  grooves . . . 
Depth  of  grooves  . . . 


Mortar  No.  1. 

Mortar  No.  2. 

IfUihM. 

IfycktM. 

90 

90 

72.5 

72.5 

10 

10 

80 

40 

80 

40 

0.860 

0.015 

0.690 

0.6854 

0.075 

0.040 

TwuT:  Mortar  No.  1,  from  1  tarn  in  100  calibers  »t  breech  to  1  in  35  calibers  1  inch  fttm  nsi 
Mortar  No.  2,  iSrmn  1  tarn  in  45  calibers  at  breech  to  1  in  25  calibers  1  inch  from  massle. 
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^  the  trials  reported  in  August,  1883,  three  kinds  of  projectiles^ 
ated  sabot  A  (Butler),  sabot  B  (ribbed  to  fit  grooves),  sabot  C 
wrere  fired  with  full  and  reduced  charges  of  B.  V.  M.  powder^ 
IS  a  specific  gravity  of  1.750  and  72  grains  to  the  pound.    None 

projectiles  gave  satisfactory  results  when  15-pound  charges 
Bd ;  it  was  therefore  recommended  that  powder  having  a  spe- 
vity  of  1.6  should  be  obtained  for  further  experiment  in  firing 

charges.  The  sabot  C  projectile  did  not  give  satisfactory  re- 
ii  30-pouud  charges  of  E,  V.  M.  powder  during  the  experiments 
to,  but  when  in  September  three  rounds  (Nos.  5, 6,  and  7  of  the 
.uying  record  for  mortar  No.  2)  were  fired  with  the  same  charges 
»ame  powder,  the  flight  of  the  projectiles  was  good.  The  sabot 
ibot  B  projectiles  gave  good  results  when  fired  from  mortar  No. 
0  and  33  pound  charges,  respectively.  None  of  these  were  at 
B  fired  from  mortar  No.  2. 

structions  of  December  22, 1883,  directed  a  continuation  of  the 
the  object  being  to  ascertain  which  kind  of  sabot  and  which  of 
varieties  of  rifling  gives  greatest  accuracy  of  fire  both  with  full 
iced  charges." 
"ojectiles  furnished  were  of  three  kinds:  (1)  Sabot  A  (Butler), 

C  (Dard),  (3)  Arrick. 

ibots  of  the  first  were  of  the  ordinary  Butler  pattern,  with  the 
aade  deeper  and  the  lip  made  thinner. 

ibots  of  the  second  had  the  same  cross-section  as  that  of  the 
^jectile,  illustrated  in  Construction  Notes  No.  8. 
kbots  of  the  third  were  of  the  ordinary  Arrick  patteni,  made  a 
iter. 

llowing  kinds  of  powder  were  on  hand,  viz :  E.  V.  M.,  granu- 
2;  specific  gravity,  1.75.  E.  V.  K.,  granulation,  72;  specific 
1.75.    The  iatter  was,  when  first  received,  stronger  than  the 

llowing  powders  were  sent  for  use  in  these  trials :  K.  I.,  gran- 

72;   specific  gravity,  1.65.    K.  K.,  granulation,  72;   si>ecific 

1.60. 

imilate  the  firing  from  these  pieces  to  firing  with  chambered 

it  was  necessary  that  the  base  of  the  projectile  should  remain 

d  distance  from  the  bottom  of  the  bore,  and  for  this  purpose 

B  placed  in  the  axis  of  the  cartridge  a  pine  stick.  1  square  inch 

section,  and  of  such  length  that  the  density  of  loading  with  a 

f  30  pounds  was  33.4  cubic  inches  to  the  i)ouiid. 

ial  of  mortar  No.  2  commenced  December  28, 1883.    A  sabot 

r)  projectile  was  fired  with  15  pounds  K.  I.  powder  (1.65  spe- 

rity)f  and  gave  evidence  of  irregular  flight  as  it  entered  the 

wise.    A  15pound  charge  of  K.  K.  powder  (L60  specific  grav- 

a  similar  projectile  gave  the  same  result. 

ird  round  (round/No.  10  of  the  accompanying  record)  consisted 

inds  of  E.  E.  powder  and  an  Arrick  projectile.    This  shot,  re- 

tfter  firing,  was  found  to  have  taken  the  grooves  well,  as  further 

lad  moved  with  676  feet  velocity,  and  as  the  pressnre  was  but 

»nnds  per  square  inch,  it  was  concluded  to  fire  a  series  of  rounds 

milar  charge  and  projectile  under  60^  elevation. 

onnds  (11, 12. 13,  and  14  of  the  record)  were  fired ;  all  of  the 

ere  good.    The  first  of  this  series  of  four  was  fired  down  the 

It  the  point  of  fall  could  not  be  ascertained. .  The  remainder 
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were  fired  over  the  sea,  and  the  plane  tables  were  used  to  locate  the 
point  struck. 


Powder. 


Kind.        Weight. 


Projectile. 
Kind.  I  Weijiht. 


Ranges. 


Error  In  ! Deviation'  Error  iu 


K.K 
K.K 
K  K 


Mean 


Poundi. 
15 
15 
15 


15 


Arrick . 
— do  . . 

do  .. 


Pounds,  i    Yardi. 
348  3, 322 


347 
348 


8.420 
3,0b7 


848 


3,  278 


range. 


Tards. 
+  44 

+  148 
-101 


right,     deviation. 


128 


Yardi. 
348 
372 
369 

363 


Y»rdt. 
-15 
+  » 
+  6 


10 


PrMsui* 
per 

inch. 

"i 

I  Poimdt. 

I       11,78 

10,78 

!        10,  M 

11,« 


Dispersion,  in  range,  339  j'ards ;  In  direction,  24  yards. 

In  the  above  table  the  dispersion  in  range  is  the  difference  betwee 
the  maximum  and  minimum  ranges,  and  the  dispersion  in  direction  i 
the  difference  between  the  maximum  and  minimum  deviations. 

Three  rounds  were  then  tired  under  GQo  elevation  with  the  sabot 
(Dard)  projectile  and  15-pound  charges  of  K.  K.  powder. 


Powder. 


Projectile. 


Kind. 


K.K 
K.K 
K.K 


Mean. 


-,  Ranges. 


Weight. 


Kind. 


Weight.  ; 


Error  in  'Deviation 
range. 


.1 


Poundi. 
15 
15 
15 


I 


15 


'  Poundi. 
dahotC  (Dard.).        349 

..  do ,        349 

..  do 849 

I        349 


Yardi. 
3, 265 
3.454 
3,427 


Yardi. 

— 

117 

+ 

72 

+ 

45 

ri^ht. 


Preun 
Error  in  |      per 
deviation,    itqiiar 
indi. 


Yardi. 
327 
235 
269 


3,382 


78 


277 


Yardi. 

4-  50 

-  42 

-  8 


33 


Povn* 
11. 
12.' 


Di8pt-r;«ion,  in  range,  189  yards;  in  direction,  92  yards. 

The  first  flight  was  slightly  irregular,  the  second  fair,  the  third  goc 

A  sabot  A  (Butler)  shot  was  then  fired  with  the  same  charge  and  el 
vation,  but  the  flight  was  very  irregular. 

In  Ordnance  Board  Report  No.  11,  LS83,  it  was  concluded  that  it  w 
impracticable  to  fire  s  i  bot  A  projectiles  with  15-pound  charges  of  molcl< 
powders  having  a  specific  gravity  greater  than  1.7,  and  from  the  firii 
last  referred  to  it  seems  that  no  better  results  are  obtained  with  powd 
of  1.6  specific  gravity. 

The  next  point  to  be  determined  was  whether  any  of  the  sabots  wbi* 
were  suitable  for  use  with  15-pound  charges  would  give  good  resnl 
greater  charges. 

Three  rounds  (Nos.  19,  20,  and  21  of  the  record)  were  fired  with  3^ 
pound  charges  of  E.  V.  M.  powder  and  Arrick  projectiles;  one  goo* 
flight  and  two  bad  ones  were  obtained.  ^^ 

B.  V.  K.  powder,  a  little  stronger  than  E.  V.  M.,  gave  no  better  i<^ 
suits.  It  was  then  determined  to  use  the  stronger  i>owders,  K.  I.  a"^ 
K.  K.,  and  25  iKuind  charges  of  the  latter  seemed  suitable  for  use  witl 
the  Arrick  projectile.  As  the  projectile  occupied  the  same  position  io 
the  bore  during  all  of  the  firing,  the  air  space,  or  density  of  loading,  was 
with  25-pound  charges  40.1  cubic  inches  per  pound. 

Two  rounds  (27  and  28  of  the  record)  under  an  angle  of  28^  36'  gave 

one  fair  and  one  good  flight  with  a  mean  pressure  of  26,500  pounds  ixr 

square  inch.     One  range  only  (5,035  yards  with  a  deviation  of  349  yanU 

to  the  right)  was  obtained,  and  as  it  was  necessary  to  retain  some  of 
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these  projectiles  to  fire  them  from  mortar  No.  1,  this  ended  the  firing  of 
Arrick  projectiles  from  mortar  No.  2. 

Three  sabot  C  (Dard)  projectiles  were  then  fired  under  28°  36'  with 
30  pounds  of  E.  V.  K.  powder  with  the  following  resalts : 


Powder. 


Kind. 


IV.K 


t 


Weight. 


Projectile. 
Kind.         I  Weight. 


Ranges. 


Error  in 
range. 


HMD 


Pounds. 
30 
30 

30 


30 


Sabot  C  (Dard) 
—  do 

W.  P.  F.,  aabot 
C  (Dard)  .... 


Pounda. 
349 
349 


350 


349 


Tardt.    i  Tardt. 


5,762 
5,588 


5,752 


6,697 


—  55 
+109 

-  55 


Deviation 
right 


Tardt. 
172 
218 


172 


I  Error  in 
devia- 
tion. 


Tardt. 

-15  I 
+  31  f 


—  15 


73 


187 


20 


Pressure 

per 

square 

inch. 


Poundt. 
20,000 
19,500 


10,250 
79,583 


Dupenrion:  In  range,  104  yards;  in  direction.  46  yards. 

The  density  of  loading  was  33.4  cubic  inches  to  the  pound  of  powder, 
and  the  pressure  was  lower  than  that  given  in  the  two  preceding  charges 
with  a  density  of  40.1  cubic  inches  to  the  pound,  but  the  powder  was 
of  1.750  specific  gravity,  while  that  used  in  the  preceding  charges  had 
a  specific  gravity  of  1.60.    The  fiights  of  the  projectiles  were  all  fair. 

From  th^  results  obtained  when  tiring  mortar  No.  2  it  was  concluded : 
That  the  present  form  of  sabot  on  sabot  A  (Butler)  projectiles  was  not 
suited  for  firing  from  this  mortar  with  reduced  charges ;  that  good  re- 
sults could  be  obtained  when  firing  reduced  charges  of  K.  K.  powder 
(1.6  specific  gravity)  with  i-abot  C  (Dard)  projectiles  or  with  Arrick  pro- 
jectiles; that  good  results  could  not  be  obtained  in  firing  reduced  charges 
of  powder  having  72  grains  to  the  pound,  and  a  density  exceeding  1.6 
with  any  of  the  projectiles  thus  far  used. 

From  the  firing  with  charges  exceeding  15  pounds  in  mortar  No.  2  it 
was  concluded :  That  the  Arrick  projectile  does  not  give  good  results 
vhen  fired  with  30  pounds  of  E.  V.  powder  (specific  gravity  1.75) ;  that 
this  projectile  gave  indications  that  with  25  pounds  of  K.  K.  powder 
(specific  gravity  1.60)  fair  results  may  be  obtained,  but  that  further  ex- 
periment will  be  required  to  determine  this  point;  that  the  sabot  G 
(Dard)  projectile  gives  good  results  with  30-pound  charges  of  the  B.  V. 
powders. 

The  trial  of  mortar  No.  1  commenced  January  6, 1884,  by  firing  three 
jonnds  with  the  Arrick  projectiles  and  15  pounds  of  K.  K.  powder  under 
w^  elevation  (rounds  29,  30,  and  31  of  accompanying. record  of  mortar 


Powder. 

Projectile. 

i           ! 

Ranirea      ^"*®'"  ^  ■  I>ey iation 

Error  in 
devia- 
tion. 

Tardt. 

Pressar* 
per 

Xind. 

Weight 

Poundt. 
15 
15 

Kind. 

Weight. 

Poundt. 
346 
346 

Tardt. 
3,656 
8,428 

range. 
Tardt. 

right. 

Tardt. 
279 
342 

square 
inch. 

il 

Arrick 

. . .  .do 

Poundt. 
12,250 

^K... 

>••••••••• 

12,500 

K«in.... 

15 

346 

3, 542              114 

311 

31 

12,376 

The  point  of  fall  of  the  third  shot  was  not  located.    The  flights  were 
all  good. 
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With  a  30-poQnd  charge  of  E.  V.K.  powder  and  an  Arrick  projectile, 
fired  under  28^  36^,  the  shot  tumbled,  although  the  sabot  had  been 
reamed  out  to  make  it  more  sensitive. 

Two  rounds  were  then  fired  with  25  pounds  K.K.  powder  (specific 
gravity  1.60)  and  the  Arrick  projectile  under  28°  36'  (rounds  33  and  34 
of  record). 


Powder. 

a 

Projectile. 

Ranges. 

Error  in 
range. 

Deviation 
right 

Brror  in 

deriap 

tion. 

PrMsare 
per 

Kind. 

Weight 

Kind. 

Weight 

Bonue 
inch. 

K.K 

Poundi. 
25 
25 

Arrick 

Poundi, 
346 
846^ 

Tetrds. 
6.277 
6.067 

Yards. 

Tarda. 
313 
384 

Tardt, 

Poundi. 

28,  SM 

K.K 

20,  SOI 

Iffean .... 

25 

346 

5,672 

895 

824 

10  1       2&.M0 

[ 

The  flights  were  good. 

It  was  concluded  from  the  firing  of  mortar  No.  1:  That  with  15-pound 
charges  of  powder  having  1.6  specific  gravity  the  Arrick  projectile  gives 
good  results,  and  that  with  25-pouud  charges  of  the  same  powder  the 
same  remarks  apply. 

The  number  of  rounds  fired  was  not  sufficient  to  determine  the  rela- 
tive merits  of  the  two  kinds  of  rifling. 

It  is  recommended  that  the  experiment  be  continued  to  settle  this 
point,  and  for  this  purpose  that  25  each  of  the  Arrick  and  Dard  pro- 
jectiles be  supplied.  It  is  suggested  that  the  base  of  the  sabot  of  the 
Arrick  projectile  be  made  thinner  than  in  the  projectiles  heretofore  fur- 
nished to  make  the  expanding  disc  more  sensitive. 

T.  G.  BAYLOB, 
Colonel  of  Ordnance^  President  of  the  Board. 

GEO.  W.  McKBE, 

Major  of  Ordnance. 
GHABLES  SHALEB, 
Captain  of  Ordnance. 


188 


REPORT  OP  THE  CHIEF  OF  ORDNANCE. 


Becard  of  firing  with  lO-inch  rifled  mortar  Xo,  2,  oi  Sandu  Hw 

[ConTerted  from  » lO-in 


Barometer,    30.006; 
thermometer,  71;^ 
homidity,  84. 


Barometer,    29.892; 
thermometer,  28  ;< 
humidity,  43. 


Barometer,   30.293; 
thermometer,  80  p 
humidity,  47. 


Barometer,  20.872 ; 
thermometer,  26. 1 ; 
humidity,  64. 


« 

O 

a 

9 


Time. 


Powder. 


6 

7 


1883. 
Sept  21 


Sept  21 
Sept  21 


8 


Dec.  28 


9  ;  Dec.  28 


10 
11 

12 
13 
14 
15 
16 
17 
18 


20 
21 

22 
23 


Dec  28  . 

Dec  29  . 

Dec  29  . 

D^c  29  . 

Dec.  29  . 

Dec  29  . 

Dec  29  . 

Dec.  29  . 

Dec  29  . 

Kind.  • 


\Lb9. 

Du  Pout's  hex-    80 
agonal,  £.  Y. 
M.     Density 
1.750;  granu- 
lation, 72. 

do 


.do 


Du  Pont's  K. 
L  Density, 
1.650;  ffranu- 
iation,  72. 

Dn  Pout's  K. 
K.    Density, 
1.600;  granu- 
lation, 72. 
. .  -do 


— do 

.do 
do 
do 
.do 
.do 
.do 
.do 


Jan.  3 

Jan.  3 

Jan.  3 

Jan.  3 

Jan.  3 


l>u  Pont's  hex- 
agonal, E.  y. 
M.  Density, 
1.750;  granu- 
lation, 7^ 
. .  .do 


do 


DuPont'sE.V. 
K.  Density, 
1.750;  sranu- 
Iation,  72. 

— do 


80 
80 


15 

15 

15 
16 

15 
15 
15 
16 
15 
15 
15 


30 


ProJeotUe. 


Kind. 


30 
30 

30 
30 


Sabot  C.  (new) 


...do 
...do 


Butler  reaa- 
boted;  sabot 
A. 

— do 

Arrick(new)  . 
. . .  .do 

.  ...do 

...do 

. ..  .do 

SabotC.(Dard.) 

....do 

....do 

Butler  resa- 
boted;  sabot 
A. 

Airick  (new)  . 


Weight 

Elevation. 

Lb». 

o      / 

352 

6     15 

340 

6    15 

348 

20 

353 

-» 

352 

-* 

o 

si 

c 
o 


.do 
.do 


Butler  sabot  A 


Arriok  (new) . 


849 
849 

348 
347 
348 
349 
849 
349 
360 

346 

346 
846 

352 
349 


Lb9. 


I: 


Ft 


18,000  I 
17,200  '. 


Rod- 
man. 


60 

60 
60 
60 
60 
60 
60 
60 


6,750 


0.500 


11, 250  {  ( 

9.000  ... 

t 

:  11.750 

!  10,750 

;  10, 500  ' 

:  11. 000  i 

I     ' 
I  12,000  * 

■■   11,500 

j 

'  12,»)0 


28  36  !  16.000 


28  36 
28  36 


28  86 


10.250 
10.000 

18,500  I  ! 


20,600 


k 
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S.  IJrom  Heptember  21,  18:^3,  to  January  4,  1884. 
lodnaa  smooth-bore  gun.] 


Wind,  strength 
and  direction. 


o 

s 

0 

e 


*-  58  '  Prom    front   and    i 

left  860;  4  miles 
an  hour. 


bC 


O 

o 

s 


3-83  ...do 


^  ^1  J  From  front  and 
left,  68<^ ;  4  miles 
an  hour. 


*  '5  '  From  rear  and 
right,  88°;  42 
ttillea  an  hoar. 

-  do 


175 


133 
146 


I 


do 


^^m  rear  and 
right,  800;  18 
i&ilea  an  hoar. 

•-do 


s 


Tarda. 
1,947 


1,909 


a 
o 

Q 


Special  remarks  about  each  fire,  snob  as 
eftVct  on  piece,  sound  of  projectile  in 
flight,  scattering  of  fragments,  etc.,  eto. 


Tarda. 
8  right. 


10  right. 


Fired  down  beach. 
Flight  good. 


Fired   out  to    sea. 
Flight  good. 


14  inches  fh>m  base 
of  shot  to  bottom 
of  bore.  Shot 
seated  against  car> 
triflgc,  leaving  no 
air  space. 


1^5 
^48 


From  front  and 
riKhi.  &30;  36 
miles  an  hoar. 


•  •..do 
....do 

■  ■..do 


^«'....do 


.46 

37i 

3,322 

.01 

37* 

3,426 

.46 

36 

3,087 

.35 

36i 

3,265 

.01 

35i 

3,454 

.42 

36i 

3,427 

.42 

354 

3,342 

2.75 


0 
0 


26| 

22| 
23i 


23i 


5.685 

3,256 
4,496 


348  right. 
372  right. 
869  right. 

327  right. 

• 

235  right. 
2G9  right. 
156  right. 

124  right. 

Heft.... 
95  right.. 


Fired  into  sand  butt.    Eeyholed. 


Do. 


Fired  i Ato  sand  bn  1 1.    Shot  recovered  and 
found  to  have  taken  rifling  well. 
;  Fired  down  beach.    Good  flight. 


!  Fired  out  to  sea.    Good  flight. 

I 

Do. 
Do. 

Fired  out  to  sea.  Slightly  irregnlar. 

;  Fired  out  to  sea.  1-  air  flight. 

Fired  out  to  nea.  Good  flight. 

Fired  out  to  sea.  Very  irregular  flight. 


BonndH8  to  18,  inclusive :  Density  of  load- 
ing, 66.8  cubic  iucht's  to  th»  pound. 

Fired  out  to  Hen.  Good  flijjht.  Two  of 
the  screws  favstening  muzzle-band  be- 
came I0080. 

Before  firing  round  No.  20  friction  reooU- 
check  put  on  carriage. 

Fire<l  out  to  sea.  Very  irregular.  Tum- 
bled. 

Fired  out  to  sea.  Very  irregular.  Mni- 
zle-band  partially  broken  up  by  shock  of 
firing. 

Fired  into  sand  butt.  Key  holed.  Bntire 
muzzle-baud  broke  up  aud  fell  ofL 


4,291  !  92  right. 


Fired  out  to  sea.  Very  irregular.  No 
band  used  on  muzzle ;  gun  held  in  posi- 
tion by  blocking.  Preponderance  over- 
come by  coiliug  chain  around  mnxale 
during  remainder  of  firing. 
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Record  offirimg  with  lO-inek  rifled  mortar  No.  %  «l  iSmdy  ffiok, 


Z 


Time. 


Powder. 


Kind. 


Bftrometer,   80.205; 
thennometer,  19;  4 
bnmidity,  68. 


24 

1883. 
Jan.    4 

25 

Jan.    4 

26 

Jan.    4 

27 

Jan.    4 

28 

Jan.    4 

20 

Jan.    4 

80 

Jan.    4 

81 

Jan.    4 

^ 

Dn  Font's  K. 
K.  Density, 
1.600;  granu- 
lation, 72. 

....do 


Da  Font's  K. 
L  Density, 
1.660;  fEranu- 
lation,  72. 

Du  Font's  K. 
K.  Density, 
1.600;  granu- 
lation, 72. 

do 


Du  Font's  E.V. 
K.  Density, 
1.760;  granu- 
lation, 72. 

. ..  .do 


.do  .. 


4i 

t 


Lb9, 
20 


25 

25 

25 

25 
30 

30 


FroJeotUe. 


Kind. 


Butler  sabot  A 


..do 


.do 


Arriok. 


80 


. ...do  ......... 

8abotC.(Dard.) 


.  •  •  .do 


W.  F.  F.;  sabot 
C.  (Daid.) 


4i 

I 


Lb9. 
352 


847 

354 

347 

847 
849 

849 
850 


i 


^ 


o      / 


-» 


28  36 

28  86 

28  86 

28  86 

28  86 


-&     a-** 

^^    il  I 


I 


o 


16,500 


27,750 

26.500 

27,000 

26^000 
20,000 

19,500 
10,250 


FmLl 


917 


KOTB  BT  Obdnahcb  Officb.— Witb  tbe  exception  of  rounds  5, 6,  and  7  a  stick  15^  inohea  in  leocvh  was 
used  in  the  oartridges. 


) 


REPORT  OF  THE  CHIEF  OF  ORDNANCE. 


191 


/        ^.  /.,  /row  Septemh^  21,  1883,  to  January  4,  1884— Continued. 


Wind:  Btrength 
aod  direotioD. 


2. 17  From  tom*  and 
riicht,  80O;  38 
miles  an  hour. 


2.50 

2.50 

1.12 

1.12 
1.67 

1.2 
1.04 


do 

-do 

.-..do 

..  do 
...do 

....do 
do 


s 

a 

o 
O 


Feet 
0.08 


0.08 

0.08 
0.08 

0.08 
0.08 


o 

a 


i 


n 
0 


Tofrdt. 


261 

2«i 
2«» 

26* 


5,085 

L<Mt.. 
6.762 

6,688 
5,752 


Tarda. 


Special  remarks  abont  each  flre,  such  aa 
effect  on  piece,  sonnd  of  projectile  in 
flight,  ecattering  of  fragments,  etc.,  etc. 


Fired  into  sand  bntt.  Broke  plate  sup- 
porting righ^hand  gaide  hook.  Cracked 
elevatmg  prop. 

Fired  into  sand  batt.     Broke  elevating 
>rop.     Same  replaced  by  a  new  one. 


349  Tight.. 


172  right.. 

218  right.. 
172  right.. 


Shot  recovered  and  found  to  have  taken 
grooves  If  ell. 
Fired  into  sand  butt.     Broke  elevating 
prop ;  replaced  by  new  one. 


Fired  out  to  seg.    Fair  flight. 

Fired  out  to  sea.    Good  flight. 
Fired  out  to  sea.    Fair  flight 

Do. 
Da 


Soaads  19, 20, 21, 22. 23, 29, 30, 31 :  Density  of  loading,  33.4  cubic  inches  per  pound  of  powder. 
Boond  24 :  Density  of  loading,  50.1  cubic  inches  per  pound  of  powder. 
Soonds  25, 26^  27, 28 :  Density  of  loading,  40.1  cubic  inches  per  pound  of  powder. 
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Record  of  firing  with  Id -inch  rifled  mortar  .Yo. 

[Converted  from  a  lO-iDfli 


£ 

Time. 

O 

u 

« 

Ji 

B 

o 



! 

1884. 

29 

Jan.    5 

Powder. 


Kind. 


30  I  Jan. 


Barometer,  30.168;  . 
thermometer,  12;  • 
humidity,  80. 


31 
32 


34 


Jan. 
Jan. 


5 
5 
5 


Da  Ponf  8  K.  K. 

Density,  1.600; 

gianulation,  72. 
do 

do 


33  #  Jan.    5 


Jan.    5 


DaPont'8E.V.K:. 

Density,  1.750; 

praniilntion,  72. 
Du  Pout's  K.  K. 

Density,  1.600; 

granulation,  72. 
do 


t£ 


Lbi. 
15 


15 
15 
30 

25 

25 


Projectile. 


Kind. 


Arrick  (new). 


do 

Arri<;}c  (old  lot) 


I 


0 
JO 

(8 


9 

w 

d 

0 


* 
ft 


Lb».  OU. 

346    0 


346 
346 


Arrick  (new) . . .    347 

...do 346 

I 
Arrick  (old lot). I  346 


0 
4 

0 


o 
60 

60 
60 
28 

28 

28 


1  12,250 

12,500 
10. 2» 

36  ,  15,500 

i 

86  i  28,508 
36  i  29.5fl( 


Konnds  29, 30,  31.    Density  of  loading,  66.8  cubic  inchea  per  ponnd  of  powder. 
Kf>und  32.     Density  nf  loadiner.  33.4  cubic  inches  per  pound  of  powder. 
Kound  33, 34.    Density  of  loading,  40.1  cnbio  inches  per  pound  of  powder. 
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atSandti  Hooky  JV.  ./.,  on  January  5,  1B84. 
udmao  smooth-bore  gun.] 


Wind,  strength, 
and  direction. 


o 

9 


a 
5 


y 


From  rear  asd 
left  lOo,  16 
miloA  an  hour. 

— do 


0.35 


0.02 


S 
H 


// 
36} 


a 

0) 


0 

Q 


rd#. 


3,656     279  right. 


37i       3,428 


.do 0.25     Lost..    LoHt. 

-do 10.04  22i  '    3,380  :  267  ri>,'ht.. 


342  right. 


Special  remarks  about  each  Are,  such  as 
(effect  on  piece,  sound  of  projeotile  in 
flight,  scattering  of  fragments,  etc.,  etc. 


Good  flight.    Chain  naed  on  mnezle 
as  counterpoise. 


.  do 
..do 


0.08 
0.08 


27 
27 


5,277  '  313  right..! 
6,067  334  right..! 


o 


Good  flight 

Good  flight.   Chassis  raU  right  hand 

side  cracked. 
Tumbled.    (Base  of   sabot   reMned 

ont. ) 

Good  flight.    Mortar  Jumped  out  of 
bearings  and  turned  eccentric  ring. 


Good  flight.  Mortar  lumped  ont  of 
I  bearings  'and  turned  eccentric  ring. 
t     (Base  of  sabot  reamed  out.) 


B  BT  Obdhakcb  Office.— In  all  the  above  rounds  ft  stick  15^  inches  in  length  was  used  In  the 
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CONTINUATION  OP  TRIALS   REPORTED    AUGUST    18,   1883,  AND   JANU- 
ARY 28,  1884. 

The  experiments  initiated  in  August,  1883,  were  eontinoed  during 
December,  1883,  and  January,  1884,  and  resumed  in  March,  1884. 

The  preceding  trials  had  indicated  that  fair  results  could  be  obtained 
with  the  Arrick  and  Dard  projectiles,  but  it  was  necessary  to  modify 
them  slightly  and  to  fire  a  greater  number  to  ascertain  which  of  the  two 
kinds  of  rifling  was  the  better. 

The  projectiles  used  in  the  last  series  of  firing  were  of  two  kinds,  tIz, 
the  Arrick,  with  a  comparatively  thin  sabot,  and  the  Dard,  with  a  sabot 
lighter  than  any  previously  used.  In  addition  to  the  Arrick  sabots 
Affixed  to  the  projectiles  were  five  made  still  lighter,  to  be  used  in  case 
of  necessity. 

The  powders  were  of  three  kinds:  £.  Y.  K.,  density,  1.75,  granulation, 
72;  K.  K.,  density,  1.65,  granulation,  72;  K.  I.,  density,  1.60,  granula- 
tion, 72. 

The  trial  of  mortar  No.  1  was  commenced  by  firing  an  Arrick  project- 
ile with  its  sabol  in  place  as  furnished  by  the  West  Point  Foundry  Asso- 
oiation,  followed  by  one  to  which  a  lighter  sabol  was  appended.  These 
rounds  (Nos.  35  and  36  of  the  firing  record)  showed  that  there  was  no 
appreciable  difference  in  the  results  obtained,  and  in  all  of  the  subse- 
quent firing  with  Arrick  projectiles  the  heavier  sabot  was  used. 

The  Arrick  and  Dard  projectiles  were  then  fired  under  28©  36',  with 
thirty-pound  charges  of  E.  Y.  K.  powder,  five  rounds  of  each  being 
fired  alternately.    The  results  are  given  in  the  following  tables : 

Table  No.  1,—MorUir  No.  1. 

(Amok  prqieotile:  weight,  844  pounds.    Angle  of  eleratioD,  28^  36^.    Initial 

velocity,  909  feet.] 


V4 

o 

«M 

o 

ber 
ries. 

ii 

18 

^ 

^ 

37 

1 

39 

2 

41 

3 

43 

4 

45 

6 

Nature  of  flight. 


Good  ...... 

do   .. 

Fair 

Good 

Fair 

Mean 


o 

■ 

t: 

u 

1 

& 

Tardi. 

Tard9. 

Td$. 

Tardt, 

7,317 

+  88 

70 

5.2 

7,23:^ 

+    3 

46 

18.8 

7,205 

—  24 

79 

14.2 

7,189 

—  40 

50 

14.8 

7,202 

—  27 

79 

14.2 

7,229 

36.4 

64.8 

13.4 

V4 

S^ 

o 

o*© 

4i 

o  fl 

«•& 

fc--^ 

S  3 

H 

&^ 

Sect. 

PoundM, 

30 

22,000 

29.75 

25.000 

2&75 

24.000 

29 

23,500 

28.5 

23.250 

29.2    I  23.550 


Charge:  30poQndsE.  V.  K.;  granulation,  72;  density,  1.75. 
Dispersion:  In  direction,  33  j-ards;  in  range,  128  yards. 

Tablk  No.  2. — Mortar  No,  1. 
[Dard  projectile :  weight,  334  pounds.    Angle  of  elevation,  28^  SO'.] 


Nature  of  flight. 


W4 

^ 

o 

o 

•1 

^i 

•°  s 

^•c 

a  ^ 

as 

^ 

5Zi 

38 

1 

40 

2 

42 

3 

44 

4 

46 

5 

Slightly  irregular. 

do 

Fair 

do 

Slightly  irregular. 

Mean 


fl 

o        1     So 

• 

i 

Deviatic 
left. 

g 

Time 
flight. 

Yards. 

Tardt. 

Ydt. 

Tardg. 

Sect. 

PoundM. 

Lost. 

80.25  1  22  250 

6.916 

—  80 

59 

—  9.25 

28.  75  1  26.  OOO 

7,046 

+  50 

64 

—  4.25 

29 

27,u00 

6.972 

-24 

74 

+  5.75 

1    2» 

30,500 

7,049 

+  53 

76 

+  7.75 

29.25 

25,500 

6,996 

51.7 

68.25 

6.75 

29.25 

28.250 

ChBTge:  80  pounds  E.  V.  K.;  icranulallon,  72;  densitv,  1.75. 
Dispersion:  in  direction,  17  yards;  in n^nyL*. \^ yaraa. 
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Pive  rounds  of  each  kind  of  projectiles  were  fired  under  6(P  with  fif- 
teeu-|K>and  charges  of  K.  K.  powder  and  an  air  space  of  66.8  cubic 
inches  to  the  pound.    The  results  are  tabulated  below : 

Table  No.  Z.^Mariar  No.  1. 
[Arriok  projectile:  weight,  346  pounds.    Angleof  fire,  60°.] 


is 


47 
49 
51 
53 
55 


e  9 

•2'S 


Katore  of  flight. 


1 
2 
3 
4 
5 


Good 


.do 

do 

.do 

.do 


Mean 


fc 


Yards. 
3,666 
3.538 
3,533 
3,510 
3,610 


Yards. 
+  95 

—  83 

—  38 

—  61 
+  39 


3,571     55.2 


o 


>  »- 

9 

P 


Yds. 
167 
148 
148 
152 
156 


I 


Yards. 
+  13 

—  6 

—  '6 

—  2 
+  2 


154 


5.8 


••a 

H 


o  o 


Sees. 

37.26 

36 

36.25 

36.50 

36.75 


Pounds. 
10,750 
8,250 
8,500 
9,250 
9,250 


36.55  ,    4,200 


Charge:  15poaodBK.  K.;  granulation,  72;  density,  1.650. 
Diapersion :  in  direction,  19 ;  in  range,  156. 

Table  No.  4.— ifortor  Xo,  1. 


[Dard  prqjectile:  weight,  336  poonds.    Angle  of  flre,  OOP.] 


^   si    1^ 


'    5i 


48 
50 
52 
54 
56 


1 
2 
3 

4 
5 


If  ature  of  flight. 


Good 

Fair 

Very  irregular  — 

Good 

do 


§ 


Mean 


Yards. 

3.546 

3.547 

2,947 

3.580 

3.603 


» 


Deviation. 


9 


bfi 


» 


+  10L4 
+  102.4 

—  497.6 
+  135.4 

—  15a4 


3, 444.  6,      199. 0 


Yds. 


3 


Yds. 

158 

26 


bD 


o  o 

is 


130 
116 


85.4 


Yards. 

Sees. 

+  72.6 

35.75 

—  59.4 

35.5 

8d4 

33 

+  44.6 

36.75 

+  30.6 

86.5 

Pounds. 
8.750 
10,500 
11,000 
11,500 
12,000 


59.1  i    35.50 


10,750 


Charge:  15  pounds  K.K.;  granulation,  72;  density,  1.650. 
Dispersion:  in  direction,  161  yards;  in  range,  656  yards. 

The  trial  of  mortar  No.  2  was  carried  on  in  the  same  way  as  that  for 
mortar  No.  1  and  the  tables  given  below  show  the  results. 

Table  No.  6,— Mortar  No,  2. 
(Arrick  projectile:  weight,  345  x>onnds.    Angle  of  flre,  28°  36^.    Initial  velocity,  979  feet.] 


o 

Nature  of 
flight. 

Range. 

2 

Deviation. 

Time      of 
flight. 

re  on 
inch. 

•28 

84 
36 

38 
40 
42 

IS 

1 

2 
8 

4 
5 

• 
9 

JS 

•  mm 

Pi 

Good 

..  do 

..do. 

..do 

....do 

Mean.. 

Yards. 
6, 820 
6, 795 
6,776 
6,776 
6,847 

Yards. 

+  17 
-  8 
-27 
-27 

+44 

Yds. 
35 
11 

"is" 

Yds. 

"34" 
34 

Yards. 
36.4 
12.4 
32.6 
32.6 
16.4 

Sees. 

29.5 

28.75 

29 

28.75 

29 

Pounds. 
47, 000 
23.500 
52,500 
27, 760 
26,000 

6,803 

24.6 

L4;    26.1 

29.00   •25,750 

*  Mean  of  three  results  as  pressures  in  Nos.  1  and  8  are  considered  error  oons 

Charge:  30  ponnds  E.  V.  K. ;  granulation,  72 ;  density.  1.76. 
Dispersion:  In  dinnstion,  69  yards;  in  range,  71  yardo. 
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Table  No.  6.— ifortor  No.  2. 
[Dard  projectile :  weight,  334  poands.    ADgle  of  lire,  28°  36'.    Initial  velocity,  070  feet.  ^ 


35 
37 
39 
41 
43 


Nature  of  flight. 


'     B 


I 


1 
2 
3 
4 
5 


Irregular 

Sligh  tly  irregular 

.  —  do  .  

Very  irrefcnlar. . 


Tardg. 

Tardt. 

6.481 

-  38.8 

6,  528 

+    8.2 

6, 633 

+113.2 

6,466 

-  53.8 

6,401 

-  28.8 

oS  3) 


Yds 
31 
49 
78 
56 
114 


Yards. 
-34.6 
-16.6 
+12.4 
-  9.6 
+48.4 


SM9. 

29. 25 
28.75 
28.50 
28.25 
28.25 


PoundM. 
27,250 
25,500 
26,000 
25.000 
26.500 


Mean 6,510.8 


48  56  65.  6  I      24.  32     2&  6    I  26. 050 


Charge:  80  ponnda  B.  Y. E. ;  granulation,  72;  density,  1.750. 
1    ^persion :  In  direction,  83  yards ;  in  range,  167  yaras. 


Table  No.  7,— Mortar  No,  2. 
'  [Arrick  projectile:  weight,  343  pounds.    Angle  of  fire,  WP.] 


Nature  of  flight. 


Good 

do 

— do 

— do 

...do 


Mean 


» 

1    Q 

1    o    . 

•^  ■*» 

A 

^ 

8        VV 

s 

H 

8 

Yards. 

ards. 

Yds. 

3,772 

+146.4 

215 

3,622 

-    3.6 

243 

3.529 

-  96.6 

221 

3,600 

-  25.6 

231 

3.605 

-  20.6 

220 

3,62&6 

58.66 

226 

» 


Yards. 

-11 

+17 

—  5 
+  5 

-  6 


4i 

•.a 
SB 


Sscs.    Potmds. 
38  11,500 

88        .  10.000 
87. 25     10, 000 


87 
37.75 


8.8 


87.6 


8,000 
11,500 


10,200 


Charge:  15  pounds  K.  L ;  granulation,  72;  density,  1.650. 
Dispersion:  In  direction,  W  yards;  In  range,  172  yards. 


Table  No.  8,— Mortar  No,  2. 
[Dard  prcjeotile :  weight,  385  pounds.    Angle  of  fire,  &P'] 


Naof 

No.  of 

record. 

series. 

45 

1 

47 

2 

49 

3 

52 

1 

4 

cwg..  l^S$Sr' 


Deviation. 


Yards. 
2,350 


2,826 
2,286 

2.297 


Left. 

Right. 

rard«. 

207 

Yards. 

107 

199 

377 

Pressure 

on 

aqaare 

inch. 


P&unds. 

11,000 


.25         11,500 


82.00 


31.50 


11.750 


10,500 


Not  summed  as  flights ;  were  all  rery  irregular. 
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The  r>ard  projectiles,  fired  from  mortar  No.  2,  gave  such  inferior  re- 
sults that  only  four  of  them  were  found  at  60^  elevation. 
The  mean  results  of  the  foregoing  tables  will  be  found  in  table  No.  9. 

Table  No.  9. — Summary, 
ABBICK  PBOJECTILB. 


Angle 
fire. 

Bange. 

Error. 

Deviation. 

Dispersion. 

Time 

of 
flight. 

Prep- 
are on 

Left 

Bight. 

Error. 

Direc- 
tion. 

Bange. 

stfaaro 
mcb. 

¥ort«rNo.l. 
){ortariro.2. 
MortMNo.l. 
ltort»rNa2. 

O       1 

28    86 
28    36 
60 
60 

Yards. 
7.220 
6,803 
3,571 
8,626 

Yardt. 
36.4 
24.6 
65.2 
58.6 

Yardt. 
64.8 

Yards. 

•  ■  ■  •      ■  •  • 

1.4 
154 
226 

Yards. 

13.4 

26.1 

5.8 

a8 

Yards. 
83 
69 

28 

Yards. 

128 

71 

156 

172 

Seconds 
29.2 
29 

36.55 
37.6 

Pounds 
23.550 
25, 750 
9,200 
10, 200 

DABD  PBOJECTILE. 


i}JoTtarNo.l. 
;5«n«rNo.2. 
Cottar  No.  1. 


28  36 
28  36 
60 


6,996 
6,519 
3,445 


51.7 
48.6 
199 


68.25 
66 


85.4 


8.7 
24.8 
59.1 


17 

83 

161 


133 

167 
6.56 


29.25 

28.6 

35.5 


26,250 
26.050 
10,750 


Ab  examination  of  the  tabulated  results  shows  that  the  Arrick  pro- 
jectile experimented  with  gave  better  results  than  the  Dard,  and  that, 
all  things  consi<lered,  mortar  No.  1  was  superior  to  mortar  No.  2. 

The  carriage  from  which  these  mortars  were  fired  was  not  sufficiently 
rigid  to  obtain  great  accuracy  in  range.  The  platform  upon  which  the 
carriage  was  mounted  sustained  considerable  injury  during  the  firing 
at  high  angles.  It  is  thought  that  with  a  heavy  mortar-bed  far  more 
accarate  results  will  be  obtained. 

Firing  records  and  sketches  which  show  the  groups  of  the  projectiles 
.are  forwarded  with  this  report. 

T.  G.  BAYLOR, 
Colonel  of  Ordnance,  President  of  the  Board. 

GEO.  W.  McKBE, 

Major  of  Ordnance, 
CHARLES  SHALER, 

Captain  of  Ordna/nce. 
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Record  of  firing  \oith  lO-inch  rifled  mortar  No,  I  at 

[Converted  from  a  lO-indk 


Barometer,  29.658; 
thermometer,  . 
52.3;  humidity.^ 
63. 


I 
Bftroroeter,  29.738 ; 
thermometer,  51 ; 
humidity,  68. 


Barometer,  29.660; 
thermometer, 
47 ;      hamidity,  * 


Barometer.  29.574; 
thermometer, 
55;      humidity,^ 
59. 


Baromet  r,  29.810; 
thermometer, 
49;  humidity, 
50. 


s 

«t-i 

9 

a 


35 


36 
37 

38 


39 
40 
41 
42 


43 
44 

45 
46 
47 


48 
49 


50 
51 
62 
53 
54 
55 
56 


Time. 


1884. 
Mar.  27 


Mar.  27 
Mar.  28 

Mar.  29 


Mar.  29 
Mar.  29 
Mar.  29 
Mar.  29 


Mar.  29 
Mar.  29 
Mar.  29 
Mar.  29 
Mar.  29 


Mar.  29 
Apr.     1 


Apr.  1 

Apr.  1 

Apr.  1 

Apr.  1 

Apr.  1 

Apr.  1 

Apr.  1  ; 


Powder. 


Kind. 


Du  Pont'e  E. 
V.  K.  Den- 
aity,  1.750 ; 
graonlation, 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

. .  .do 

...do 

...do 

...do 

Da  Font's  K. 
I.  Density, 
1.650;  gran- 
ulation, 72. 

...do 

...do 

...do 

...do 

...do  

...do 

...do 

...do 

...do 


Lh». 
30 


30 
30 

30 


30 
30 
30 
30 


30 
30 
30 
30 
15 


15 
15 


15 
15 
15 
16 
15 
15 
15 


Projectile. 


Kind. 


Arrick  (new). 
Sabot,  14|. 


Arrick  (new). 

Sabot,  14^. 
Arrick  (new). 


Dard  (new) 


Arrick  (new) 
Dard  (new)  . . 
Arrick  (new) 
Dard  (new) . . 


Arrick  (new) 
Dard  (new)  . . 
Arrick  (new) 
Dard  (new)  .. 
Arrick  (new) 


Dard  (new) .. 
Arrick  (new) 

Dard  (new) . . . 
Arrick  (new)  . 
Dard  (new) . . 
Arrick  (new) 
Dard  (new) . . , 
Arrick  (new) 
Dard  (new) . . , 


9 


Lbt.ou. 
347  0 


346  8 
344  0 

334  0 


344  0 

334  0 

344  0 

334  0 


344 
334 
344 
334 
346 


336 
346 
336 
346 
336 
346 
336 


0 
0 
0 
0 
0 


337  0 
346  0 


0 
0 
0 
0 
8 
0 
8 


a 
o 

■** 


O  / 

6  15 


6  15 


28  36 


28  36 
28  36 
28  36 
28  36 


28  36 
28  36 
28  36 
28  36 
6C  00 


60  00 
60  00 


60  <iO 
00  00 
60  00 
60  00 
60  00 
60  00 
60  00 


o 

a  • 

y 

si 

e^9 

s  o 

u 

0-^ 


«*  8 

§1 


Lbt.     FetL 
22,250     997 


23,750 


28  36     22.000 


m[ 


22,250 


25.000 
26,000  > 
24,000 
27,000 


23.500 
30.500 
23,250 
25,500 
10,750 


8.750 
8,250 


10,500 
8,500 

1],000 
0.250 

11,500 
0.2.50 

12,000 


•  ••I 


••» 


■  •  • 


Rounds  35  to  46  inclaaiTe.    Density  of  loading,  33.4  cubic  inchea. 
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iani^  Hooh,  N.  J.,  frim  March  27  to  April  1,  1884. 
lodman  smooth-bore  gun.] 


I 


Wind  strength  and 
direction. 


SO 


a.  33 
1.75 

1.87 


2.25 
1.92 
2.08 
3.33 


2.83 
2.33 
2.50 
3.33 
<L50 


0.67 
0.29 


0.37 
0.58 
0.07 
0.42 
0.50 
0.50 
0.83 


From  rear  and  right 
430,  32  miles  an 
hour. 


I 


..do 


From  rear  and  right 
OO^',  18  miles  an 
hoor. 

From  rear  and  left 

30°,   18  miles  an 

hoar. 

...  do 

....do 

...do 

From  rear  and  right 

18^,    8   miles    an 

hour. 

....do 

do 

....do 

.  ...do 

do 

do 

From  rear  and  right 

8O0,  14  mUes  an 

hour. 

...do 

do 

do 

do 

....do 

do 

....do 


> 


OS 
u 

> 

O 

1 


^ 

Jl 

M 

« 

«M 

0 

4 

s 

M 

fl 

s 

a 

II 

Tardt, 

n 

2,195 

n 

2,204 

30 

7,317 

30^ 

Lost. 

7,232 

2^ 

6,916 

28| 

7,205 

29 

7,046 

29 

7,189 

29 

6,972 

28) 

7,292 

29i 

7,049 

37i 

3,666 

35| 

3,456 

36 

3,538 

^ 

3,547 
3,533 

38 

2.947 

36| 

3.510 

861 

3.580 

36| 

3,610 

36i 

3,603 

I 


TardM. 
6  left.. 


2  left.. 
70  left.. 


46  left. 
59  left. 
79  left 
64  left. 


50  left.. 
74  left- . 
79  left.. 
76  left.. 
167  right 


158  right 
148  right 


.26i}ght 
148  nght 
3  left. . 
152  right. 
130  right 
156  right 
116  right 


Special  remarks  abont  each  Are,  each 
as  effect  on  piece,  sound  of  projectile 
in  flight,  scattering  of  fragments,  etc., 
etc. 


Good  flight. 


Do. 


Good  flight.  Gun  Jumped  ont  of  trun- 
nion beds,  and  angle  pieces  bolted  to 
carriage  so  as  to  increase  their  height 
in  rear.    Mortar  lashed  to  carriage. 

Slightly  irregular  flight. 


Good  flight. 

Slightly  irregular  flight 
F4ir  flight. 
Do. 


Good  flight 
Fair  flight 

Do. 
Slightly  irregular  flight 
Good  flight 


Do. 
Do. 


Fair  flight 
Good  flight 
Very  irregular  flight 
Good  flight 

Do. 

Do. 

Do. 


Bounds  47  to  56  inclnslTe.    Density  of  loading,  66.8  cubic  inches. 
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Record  of  firing  tpiih  Id-inch  rifled  mortar  No.  %  ^ 

[Conrerted  from  a  lO-iocli 


i  S 

'   e 

!    u 

\  5 


Time. 


Powder. 


Kind. 


ri  32 


1884. 
Apr.     8 


.33  I  Apr.     8 
34  I  Apr.     8 


Du  Pont'H  £. 

V.  K.    Den- 

sity,     1,750 ; 

granalatioD, 

72. 
...do 


4i 


Lb; 
30 


Barometer,  29.918; 
thermometer, 
46;      hnmiditv.' 
66. 

i  35 
36 

37 
38 
39 
40 

Apr.  8 
Apr.     8 

Apr.  8 
Apr.  8 
Apr.  8 
Apr.     8 

41 
42 

Apr.  8 
Apr.     8 

43 

Apr.     8 

44 

Apr.     8 

Barometer,  29.877; 
thermometer, 
45 ;      humidity, ' 
69. 

45 
46 
47 
48 
49 
60 

Apr.  8 
Apr.  8 
Apr.  8 
Apr.  8 
Apr.  8 
Apr.     9 

Barometer,  29.429; 
thermometer, 
41.5;  humidity,' 

51 
52 

Apr.  9 
Apr.     9 

do 


■do 
do 


.do 
.do 
do 
.do 

do 
do 

.do 


Dn  Font's  K. 
I.  Density, 
1,650;  gran- 
ulation, 72. 

.  do 

do 

.  do 

.  do 

.  do , 

. . do  . .   . . 


do 


Dn  Font's  K. 
K.  Denfiity, 
1,600;  gran- 
ulation, 72. 


30 
30 


30 
30 


30 
30 
30 
30 

30 
30 

30 

15 


15 
15 
15 
16 
15 
15 


Projectile. 


Kind. 


X6«.02#.l 
Arrick  (new)  .347    0  | 


SB      !  >- 


bl) 


o 

«8 


u 


•  ri 


6 


15 


20.000     977 


Dard  (new) ...    335    8       6  15  ,  25, 000     9» 
Arrick  (new)  . 


345    0     28  36  :  47,000 


Dard  (new)...i  334    0  '  28 
Arrick  (new)  .|  345    0  j  28 


Dard  (new) . . . !  334  0 

Arrick  (new)  .  i  345  0 

Dard  (new)...;  334  0 

Arrick  (new)  . '  345  0 

Dard  (new)...!  334  0 

Arrick  (new)  .    345  0 


15 
15 


Dard  (new).. 
Arrick  (new) 


Dard  (new).. 
Arrick  (new) 
Dard  (new).. 
Arrick  (new) 
Dard  (new) . . 
Arrick  (new) 


. . .  .do 

Dard  (new)... 


334    0 
343    0 


335 
343 
335 
343 
335 
313 


0 
0 
0 
0 
0 
0 


28 
28 
28 
28 

28 
28 


36  j 
36  i 


36 
36 
36 
36 

36  i 

36  I 


28  36 
60  00 


I 


343    0 
335    0 


60 
60 
60 
60 
60 
60 


60 
60 


00 
00 
00 
00 
00 
00 


00 
00 


Rounds  32  to  43,  inclusive,  density  of  loading,  33.4  cubic  inches. 
Bounds  44  to  52,  inclusiTO,  density  of  loading,  66.8  cubic  inches. 


27.250 
23.500 


25,500 
52,500 
2(1,000 
27,750 

25.000 
26,000 

2ft,  500 

11,500 


11,000 
10.000 
11.500 
10,000 
11,750 
8,000 


11,500 ; 

10,500  |. 


REPORT  OF  THE  CHIEF  OF  ORDNANCE. 


201 


'X  /     ^*y  ^<»*>  ^-  ^f  /«>»  ^P^^  8  ^  ^P^^  9, 1884. 
iddfluo  smooth  bore.] 


Wind :  strength  and 
direction. 


s 

PS 


JL33 


From  flnont  and  left 
70O,  U  miles  an 
hoar. 


aoo 

1.83 


1.83 
1.83 


2.00 
1.83 
2.00 
1-87 

2.00 
l.€7 

1.83 

«.50 


<Il50 
0.50 
0.50 
0.42 
0.42 
Ol58 


..do 


From  front  and  left 

70O,  14  miles  an 

hour. 

.    .  do 

From    front    and 

Hght68o,14miles 

an  hour. 

do 

...do 

...do 

...do 


.do 
do 

do 


From  front  and 
right  20°,  11  miles 
an  hour. 


...do 
do 

do 

...do 

.\..do 
From 


fh>nt  and 
right  20°,  14  miles 
an  hour. 


0.83    do 


0l75 


O 


a 


u 


do 


4i 


n 
Lost. 


Lost. 
20i 


28J 
2^ 


28i 

29 

2^ 

28i 

29 

28i 
38 


29i 
38 

87} 

32 

37 


37| 
31i 


I 


rard«. 
2,015 


2,070 
8,820 


6,481 
6,796 


6,528 
6,776 
6,633 
6,776 

6,466 
6,847 

6,491 

3,772 


2,350 
3.622 
2,326 
3,629 
2,286 
3,600 


3,606 
2.297 


% 

P 


Tard9. 

8  right. 


13  right.. 
35  left..  <. 


81  left... 
11  left... 


49  left... 
34  right. 
78  left... 
34  right. 

66  left... 
16  left... 

114  left... 

215  right. 


2071eft.-. 
243  right. 
107  right. 
221  right. 
199  left... 
231  right. 


220  right. 
377  left... 


Special  remarks  about  each  fire,  such 
as  effect  on  piece,  sound  of  projectile 
in  flight,  scattering  of  ftagments,etc. , 
etc 


Good  flight.    Shell  contained  1  pouud 
suid. 


Shell  contained 


Very  irregular  flight. 

1  pound  sand. 
Good  flight. 


Fair  fllKht 
Good  flight. 


Irregular  flight. 

Good  flight 

Slightly  irregular. 

Good  flight.  Shell  contained  1  pound 
sand. 

Slightly  irregular. 

Good  flight  Shell  contained  1  pound 
sand. 

Very  irregular  flight.  Shell  contained 
1  pound  sand. 

Good  flight  Before  this  round  sup- 
porting strap  for  muizle  band  re- 
paired. 

Very  irregular  flight. 

Good  flight 

Very  irregular  flight 

Good  flight 

Very  irregular  flight 

Goo^  flight 


Good  flight.    Shell  contained  1  pound 

sand. 
Very  irregular  flight. 


i  I 


-/ 


'i 


Appendix    18. 


THE  IMPROVED  GARDNER  GUN,  CALIBER  .45,  BY  THE  ORD- 
NANCE BOARD. 

(13  plates.) 

ber  dated  May  5,  1884,  the  Chief  of  Ordnauce  directed  that 
Messrs.  Pratt  &  Whitney,  of  Hartford,  Conn.,  present  one  of 
barreled  machine  guns,  formerly  known  as  the  Gardner  gnn^ 
ice  Board  should  have  it  tried  at  Sandy  Hook  and  report. 
Ksessary  to  obtain  Government  ammunition  with  the  500-grain 
t  was  stated  that  the  gun  now  known  as  the  "improved 
m  ^  could  use  either  that  kind  of  ammunition  or  the  cartridges 
)5-grain  bullet. 

has  been  fully  described  and  illustrated  in  the  Report  of  the 
Ordnance  for  1880,  page  387  et  seq.  The  nomenclature  has 
^ed  and  is  as  follows: 

Sear  pins  (2). 
Sear  springs  (2). 
Sear-spring  pins  (2). 
Mainsprings  (2). 
Firing  pins  (2). 
Firing-pin  racks  (2). 
Cocking  levere  (2). 
Cocking-lever  pins  (2). 
Cocking-lever  stay  pins. 
Cocking  cam. 
Cocking-cain  Hcrew. 
Cocking-cam  pins  (2). 
Lock  guide. 
Lock-guide  pin. 
SheU  startere  (2). 
Shell-starter  pins  (2). 
Ejectors  (2). 
Ejector  pins  (2). 
Safety  crank. 
Safety-crank  stop. 
Safety-crank  stop  spring. 
Safety-crank  stop  head. 
Safety-crank  stop-head-pin. 
Safety-crank  pin. 
Safety-crank  shaft. 
8afety-crank  shaft  lever. 
Safety-crank  shafb-lever  spline. 
Mainspring  compressor. 
Lever  and  compressor  sinks  (2). 
Compressor-sink  pins  (2). 
Feed  valve. 
Feed- valve  slide. 
Feed-valve  screws  (2). 
Feed- valve  lever. 
Feed-valve  lever  screw. 
Feed-valve  lever  slide. 


3ody. 

37, 

jover. 

38. 

in. 

39. 

in  washer. 

40. 

I. 

.  41. 

1  screw. 

42. 

;ht. 

43. 

^ht  gnide. 

44. 

;ht  spring. 

45. 

;ht- guide  screws  (2). 

46. 

fht  pinion. 

47. 

;ht-pinion  head. 

48. 

;ht-pinion  head- pin. 

49. 

ight. 
(2). 

50. 

51. 

irrel  plate. 

52. 

ftrrel  plate-pin. 
rrel  plate. 

53. 

54. 

rrel  plate-pin. 

55. 

m. 

56. 

m  journal  boxes  (2;. 

.57. 

box  pin. 

58. 

ank. 

59. 

ank  pin. 
ank  handle. 

60. 

61. 

landle  spindle. 

62. 

oat  (hex.). 

63. 

nut  washer. 

64. 

nut  (round). 

65. 

imes  (2). 

66. 

ime  heads  (2). 

67. 

uae  trucks  (2). 

68. 

irae  truck  pins  (2). 

69. 

ors  (2). 

70. 

or  pins  (2). 

71. 

). 

72. 
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73.  Feed-valve  lever  abutting  (2). 

74.  Feed-valve  lever  abutting  stay  pins 

(2). 

75.  Shell  deflector. 

76.  Shell-deflector  pins  (2). 

77.  Casing  and  mount  swivel  pin. 
Swivel-pin  ring. 

Swivel-pin  ring-chain,  and  lock  pin. 
Elevating  screw. 
Elevating-screw  slide. 

82.  Elevating- screw  slide  pin. 

•83.  Elevating-screw  slide  pin  washer. 

84.  Elevating-screw  spoke  wheel. 

Elevating-screw  wheel  nut. 

Mount  body. 

Pointing  lever  and  screw. 

Pointing-lever  screw  handle. 

Pointing-lever  screw  handle  pin. 

90.  Friction  plates  (2). 

91.  Friction  ring. 

92.  Friction  pin. 

93.  Mount  base. 

94.  Base  hinge  ball. 


78. 
79. 
80. 
81. 


85. 
86. 
87. 
88. 
H9. 


95.  Base  hinge  ball  washer. 

96.  Base  hinge  ball  nut  (hex.). 

97.  Base  pivot  ball. 

98.  Base  pivot  ball  nut  (hex.). 

99.  Base  pivot  ball  washer. 

100.  Base  pivot  ball  split  pin. 

101.  Oscillator.       r 

102.  Oscillator  nut. 

103.  Oscillator  pin. 

104.  Oscillator  stop  screw. 

105.  Oscillator  clamp  belt. 

106.  Oscillator  clamp- handle  Dot. 

107.  Oscillator  clamp  bolts  stop. 

108.  Feed  guide. 

109.  Feed-guide  catch. 

110.  Feed-guide  catch  pin. 

111.  Feed-guide  catch  spring. 

112.  Feed-guide  cartridge  stops  (2). 

113.  Feed-guide  cartridge-stop  pin. 

114.  Cartridge-stop  piston. 

115.  Cartridge-stop  piston  spring. 

116.  Cartridge-stop  piston  pin. 


The  giiD  carriage  and  mount  are  described  as  follows : 
The  carriage  of  the  gun  is  of  new  design  and  constractioiif 
made  entirely  of  steel  and  bronze.  The  frame  of  the  carriage,  IdcId 
ing  the  side  walls,  bed-plate  (A),  and  axle  snpport,  is  made  in  onectt 
ing.  The  lunette  body  and  ring,  handspike  ring  and  socket,  and  grom 
recoil  stop  support  are  also  in  one  casting.  The  top  and  side  trailpUt 
are  supported  at  their  upper  corners  by  angle  irons,  to  which  they  a 
riveted.  These  angle  irons  extend  from  the  frame  to  the  body,  andi 
riveted  to  them.  Lost  motion  is  prevented  in  the  wheels  on  thear 
of  the  axles  (L)  by  conical  sleeves  (L 1)  sliding  into  the  boxes  (L2)oft 
wheels  (their  ends  being  cupped  to  receive  the  same)  against  cow 
washers  (L  3)  supported  by  the  linch  pins  (L  4).  The  sleeves  are  fon 
outward  by  a  toggle  joint  (M)  actuated  by  a  hand  lever  (Ml)  (un^ 
neath  the  trail)  and  can  be  locked  either  in  or  out.  Ample  comper 
tion  is  made  for  wear  of  surfaces  by  right  and  left  hand  screws  (N)  loc 
by  jam  nuts  (Nl).  The  circular  bed-plate  (A)  of  the  carriage  that  i 
ports  the  swivel-plate  (C)  of  the  mount  is  provided  with  a  taper  so 
^Al)  to  receive  the  spindle  (C 1)  of  the  swivel-plate,  which  has  aci 
lar  groove  (C  2)  into  which  is  inserted  by  means  of  a  lever  (O  3)  a 
ing  bolt  (C  4)  for  holding  down  the  swivel-plate  which  passes  over 
around  the  bed-plate,  and  may  be  secured  to  it  in  any  desired  pos 
by  the  grip  ring  (G  5),  which  i^  fastened  in  such  a  manner  that  it  h; 
movement  up  or  down,  while  it  has  ample  room  to  move  outward, 
being  released  by  the  grip-ring  screw  handle  (C  6),  and  the  mount 
has  full  range  of  the  horizon.  The  base  (D)  of  the  mount  slips 
and  around  the  swivel-plate,  and  is  held  from  ui)rising  by  the  not 
and  the  lock  pin  (D  2)  on  a  round  bolt  (D  3)  that  passes  throng 
spindle  of  the  swivel-plate.  On  the  upper  face  of  the  swivel-plat 
segmental  T-groove  (C  7)  to  receive  the  head  of  a  clamp  bolt  (C  8 
projects  upward  through  the  front  of  the  base-plate.  A  handle  nut 
clamps  the  parts  fast  when  the  oscillator  is  not  in  use. 

The  amplitude  of  oscillation  is  20  degrees,  and  can  be  decrease 
will  by  turning  the  oscillator  stop-screw  (D  4)  on  the  upper  face  o 
base.  From  the  base-plate  projects  upward  two  walls  (D  5),  for 
the  outer  portion  of  a  joint  in  which  rests  the  walls  (B  1)  of  the  n 
body  (E).  On  the  inner  side  of  the  body  are  two  circular  beveled 
tioD-platea  (E  2),  the  outer  surfaces  of  which  are  forced  agaius 
inner  sides  of  the  mount*,  these  \i\  tMtYi  «>xe  toc^j^'^'^.^Ivas.t  tlve.  wa 
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e  base,  and  that  is  sapported  by  a  bolt  (E  3)  passing  tbroagh  the 
hole  and  secured  by  a  washer  and  nut  (F).    The  friction  plates  are 

)^iBeld  from  rotary  motion  by  a  stout  pin  (F  1)  that  passes  through  the 

^  f  bole.    On  the  friction  plates  is  a  grip-ring  (F  2),  the  screw  (F  3)  of 

bicb  passes  underneath  the  rear  body  of  the  mount  far  enough  to  form 

le  pointing  lever  with  its  cross-handle  (G),  thus  instantly  performing 

o  functions,  as  the  hands  do  not  leave  the  screw  until  the  gun  is 

^'    iointed  and  screwed  in  any  position  from  30  degrees  elevation  to  40 

egrees  depression.    At  the  front  of  the  mount  body,  extending  upward 

the  arm  (H)  for  supporting  the  gtncasing  (H  1),  which  is  bored  for 

ttachment  b^^  an  ordinary  pin-hinge.    The  mount  body  extends  far 

iiough  back  to  receive  the  nut  (H  5)  for  the  elevating  screw  (H  2),  in 

^^  tie  Qpi)er  part  of  which  is  a  sliding-box  (H  3)  to  receive  the  pin  (H  4) 
liat  makes  connection  with  the  rear  of  the  casing. 


<"T, 


The  caisson  that  accompanies  the  gun  is  of  the  usual  U.  S.  pattern. 
he  chest  is  of  oak  and  carries  eight  (8)  ammunition  packing  drawers, 
aving  also  sufficient  space  for  appendages  and  tools.  The  accompany- 
ing drawing  (Plate  1)  represents  one  of  the  eight  drawers  to  be  carried 
^n  the  limber  chest.  Each  drawer  holds  45  pasteboard  paper-covered 
^rtridge  packing  cases,  which  may  be  made  waterproof.  Each  case 
olds  20  cartridges.  The  total  amount  of  ammunition  carried  in  the 
"ii^^aisson  is  7,200  rounds.  The  cases  are  packed  on  end,  and  are  sup- 
t  m  '2>orted  by  each  other  in  such  a  manner  that  they  cannot  be  shaken 
,^  ^n>und  or  upturned,  and  all  liability  of  jamming  bullets  or  shells  is 
^  tri  Prevented.  The  drawers  have  on  their  inside  walls  a  series  of  grooves, 
*ci  T^qual  in  number  to  one-third,  of  the  paper  cases  to  be  packed.  A.  movable 
<t  3>artition  (that  can  be  withdrawn  by  one  motion  of  the  hand)  is  arranged 
'^  i*^  ^^  ^^®  grooves.  After  the  drawer  has  received  its  full  amount  of  cases 
■_?i*^«  movable  partition  is  inserted  into  the  grooves  at  the  end  of  the 
^^^^^i^wer,  thereby  forming  an  inner  wall,  supporting  and  locking  the  cases 
f^^^^'y  in  position.  In  order  to  break  bulk  the  partition  is  removed,  thus 
_^^^ving  space  enough  to  admit  the  fingers  to  break  out  the  first  case, 
y^p*tler  which  there  can  be  no  difficulty.  When  a  portion  of  the  cases 
^-  * r^»ve  been  removed  from  the  drawer  it  is  absolutely  necessary  to  secure 
"^  ^liose  remaining,  and  the  movable  partition  can  be  inserted  into  the 
^^rooves  nearest  the  cases,  thus  securing  them,  even  to  the  last  case,  as 
^^mly  as  though  the  bulk  had  not  been  broken.  The  partition  is  secured 
]^4>  the  drawer  by  a  stout  cord,  so  that  there  is  no  danger  of  its  becoming 

-%.08t 

The  sights  used  with  the  gun  were  an  ordinary  open  breech  sight  and 
^tlie  Zalinski  sight,  described  in  detail  in  Ordnance  Notes  No.  188.  The 
Matter  was  presented  by  the  Pratt  and  Whitney  Company  as  a  part  of 
Their  system,  which  they  wished  to  test  in  comx^arison  with  the  usual 
«s]ght  for  their  guns. 

The  exi>eriment8  were  carried  on  in  accordance  with  the  following 
;i>Fogramme,  which  was  submitted  to  the  representatives  of  the  Gun 
<Jompany  for  suggestion : 

1.  Dismount  the  gun,  separating  it  into  its  elementary  parts,  and  re- 
assemble it,  this  to  be  done  by  an  expert,  and  the  time  to  be  noted. 

2.  Fire  deliberately  1,000  rounds  into  a  sand  butt,  determining  initial 
velocities  with  each  kind  of  cartridge ;  500  rounds  with  the  405-grain 
ballet  and  500  rounds  with  the  500-grain  bullet. 

3.  Rapidity  by  an  expert,  1,000  rounds ;  500  rounds  with  the  405-grain 
ballet  and  500  rounds  with  the  500-grain  bullet. 

4.  Rapidity  by  a  non-expert,  1,000  rounds ;  500  rounds  with  the  405- 
grain  ballet,  and  500  rounds  with  the  500grain  bullet. 

5.  Accuracj  of  gun  and  sights  at  1^000  yards,  1,000  rovmd^*,  ^W^ 
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rounds  with  the  405-grain  bullet  and  Zalinski  sight;  250  roands 
the  500grain  bullet  and  Zalinski  sight;  250  rounds  with  the  405-^ 
bullet  and  common  sight ;  and  250  rounds  with  the  500-grain  ballet 
common  sight. 

6.  Accuracy  of  gun  and  sights  at  one  mile,  1,000  rounds ;  250  ro 
with  the  405-grain  bullet  and  Zalinski  sight ;  250  rounds  with  the 
grain  bullet  and  Zalinski  sight ;  250  rounds  with  the  405-graiD  b 
and  common  sight ;  and  250  rounds  with  the  500  grain  bullet  and 
mon  sight. 

On  May  29, 1884,  the  gun  was  ts^en  apart  in  46  seconds  and  reai 
bled  in  1  minute  and  27  seconds,  by  Mr.  Smith,  from  the  Pratt 
Whitney  Company.    This  was  done  with  deliberation. 

The  firing  then  commenced;  6  rounds  with  the  405-grain  ballet g 
a  mean  velocity  of  1,300  feet  at  50  feet  from  the  muzzle ;  6  rounds 
the  500-grain  bullet  giving  1,226  feet  velocity  at  the  same  dist 
Four  hundred  and  ninety-two  rounds  with  the  500-grain  bullet 
then  fired  deliberately  to  try  the  working  of  the  mechanism ;  Ih' 
worked  well  throughout.  With  the  405-grain  bullet  in  firing  493  n 
deliberately,  the  working  of  the  crank  was  interrupted  and  a  cart 
€fise  was  found  loose  in  rear  of  the  barrel.  There  were  ten  mini 
but  nine  of  these  cartridges  were  subsequently  fired.  As  will  Ix 
by  theaccompan^ing  firing  record  there  were  other  Interferences  wi 
working  of  the  gun,  but  they  invariably  occurred  in  the  left- baud! 
and  with  the  405-grain  bullets.  It  was  discovered  that  the  left 
lock  was  slightly  worn. 

The  gun  was,  at  the  request  of  the  Pratt  &  Whitney  Company, 
•drawn  subsequently,  and  the  defect  in  this  lock  remedied,  after 
no  obstruction  in  firing  ensued. 

The  following  table  briefly  summarizes  further  results  which  a 
tailed  in  the  firing  record : 


Date. 

Ohjeot. 

1 
Number  roonds  fired.        ! 

1 

Hav  29.  1884 

Baniditv  bv  oxnert 

r 

C  406  500-grain  bullet 

{  496  405-grain  buUet 

5  498  500.grain  bullet 

\  500  405-giaiu  bullet 

Rapidity  non-expert 

In  the  above  rounds  500  cartridges  were  fed  each  time,  but  s 
them  dropped  from  the  boxes  as  the  attendant  was  feeding  the 
the  guide. .  In  the  last  of  the  series  a  jam  occurred,  necesisitati 
opening  of  the  breech  casing  and  teeding  again  into  the  guide  \ 
ber  of  cartridges. 

Firing  to  compare  the  sights  and  test  the  accuracy  of  the  gi 
then  commenced. 


Bate. 

Object. 

Kind  of 
cartridge. 

No.  of 

Mffhting 

shots. 

No.  of 
rounds. 

Direct 
hiU. 

■Junes,  1884 

sTeet  of  Zalinnki  sight  at 

)    1,000-yard  target 

^Test  of  common  sight  at 

(    1, 000- vard  target 

sTeat  0^  common  sight  at 

I    500-yard  target         

\Te8t  of  Zalinski  sight  at 
/    mile  tareet 

5  500-grain. 
I  405-grain. 
(  54>0-grain 
}  405-gniin. 
5  500-grain 
{ 405-grain. 
y  500-grain. 
\  405-grain . 
5  500-grain 
(405-grain. 

10 
54 

10 

4 
6 
4 
06 
72 
12 
12 

250 
250 
250 
250 
500 
500 
250 
250 
250 
250 

216 
li5 
199 
169 
470 
470     , 
38 

June  4,  1884 

June  5, 1884 

July  1.  1884 

27 

(Test  of  common  sight  at 
/    mile  tareet 

*• 
52 
14 

t 
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\  firiDg  on  JnDe  5  was  for  the  parpose  of  comparing  the  gan  with 
3vioas  record  at  that  distance  on  Jannary  15, 1880,  at  which  time 
muds  were  fired,  giving  447  direct  and  14  ricochet  hits. 
t  other  firing  in  the  above  table  served  for  a  comparison  of  the 
ski  and  common  sights.    Lieutenant  Zalinski  was  present  at  all 
rings  when  his  sight  was  used  and  manipulated  it  himself. 
July  30, 1884,  the  gun  having  been  previously  withdrawn  to  repair 
aft-hand  lock  wiis  returned,  and  again  fired  for  rapidity.    After 
a  few  rounds  the  crank-pin  came  out  and  the  firing  had  to  be  re- 
i.    This  called  attention  to  a  defect  which  should  be  remedied. 
eh  of  some  kind  should  be  substituted  for  this  pin,  as  the  latter 
t)e  loosely  inserted,  and  if  lost  in  action  the  gun  would  be  tempo- 
disabled. 
3  trial  was  resumed  with  the  following  results: 


t«. 

Object 

Number  of  roonds  fired. 

Time. 

;1884 

Rapidity  bv  expert 

500  iOS-eraiii  bullet 

Jk.    S. 
1    Hi 
1    27} 

RaDiditv  bv  non-exoert 

600  405-erain  ballet 

e  405-grain  bullets  were  all  contained  in  folded  head  cartridges. 
»ises  were  more  difficult  to  extract  than  those  with  the  500-grain 
t,  and  the  record  shows  that  they  were  inferior  in  accuracy, 
e  firing  records,  targets,  and  drawings  referred  to  are  appended. 
mmary — ^The  improved  Gardner  guii  is  light,  compact,  and  simple 
I  structure,  and  compares  favorably  with  the  Gatling  gun  in  every- 
'  but  rapidity;  it  fires  the  service  cartridges  containing  either  the 
>r  500  grain  bullet  equally  well.  The  device  for  feeding  is  admi- 
,  and  the  pasteboard  box  containing  the  ammunition  for  infantry 
e  easily  adapted  for  use  with  this  gun.  This  is  a  great  advantage 
machine  gun  intended  to  supplement  and  re-enforce  infantry  fire, 
results  obtained  with  the  Zalinski  sight  do  not  seem  to  be  suffi- 
y  superior  to  those  with  the  ordinary  sight  to  compensate  for  its 
kud  complication. 

e  recommendation  of  the  Board,  made  in  accordance  with  the  letter 
3  Chief  of  Ordnance  dated  July  25,  1884,  is  that,  as  this  gun  com- 
\  favorably  with  the  Gatling  gun  in  everything  except  rapidity  of 
)ome  of  them  should  be  procured  for  the  service,  but  without  the 
iski  sight. 

T.  G.  BAYLOR, 
Colonel  of  Ordnance,  President  of  the  Board. 

GEO.  W.  McKEB, 

Major  of  Ordnance, 

CHARLES  SHALBR, 

Captain  of  Ordnance.    ' 
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Record  of  firing  udih  improved  Gardner  nutdkine  gum  o^  8e» 
[  Before  firing,  the  working  parte  of  gun  were  remoTed  by  Mr.  Smith,  agent  of  Pratt  &,  "Wliitney.  in  41 


Barometer,    30.079 ; 
thermometer,  53-,* 
bamldity,  40.      > 


Barometer,    29.037 ; 
thermometer,  78  ;< 
bomidity,  51. 


496 

408 

406 
500 


2 
2 
4 

2 

200 

60 

2 

2 

50 

50 

100 

50 


I 
S 


1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

402 
498 


Time. 


1884. 


a 


May. 
May. 
May. 
May. 
May. 
May. 
May. 
May. 
May. 
May. 
May. 
May. 
May. 

May. 


May. 

May. 

May. 
May. 


Jone. 
June. 
Jane. 
Jane. 
Jane. 
Jane. 
June. 
Jane. 
Jane. 
Jane. 
Jane. 
June. 


8? 


29 
29 
20 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 

29 


29 

29 

29 
29 


3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 


Ammanition. 


i  Frankford  Arsenal,  600- 
grain  boUet. 


Frankford  Arsenal,  406- 


grain  ballet 


J 


Frankford  Arsenal,  500- 
grain  bullet. 


• 


O     I 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


Frankford  Arsenal,  405-  i  0 
grain  boUet.  i 


Frankford  Arsenal,  500- 
grain  bullet. 

Frankford  Arsenal,  500- 
grain  bullet 


Frankford  Arsenal,  405-     0 

grain  bullet. 
Frankford  Arsenal,  405- 

grain  ballet 


^  Frankford  Arsenal,  600- 
grain  bullet 


^  Frankford  Arsenal,  405- 
f    grain  bullet  ^ 


InstmnientaL 


By  expert 

By  new  hand. 


3    7 

2  36 

225 

227 

227 

2  20. 

2  50 

240 

2  45 

240 

287 


By  expert 

By  new  hand. 


\\ 


e 
u 

o 
e 
S 

Feet 

1,223 



1,243 



1,296 

1,229 



1,204 

1,229 

1,307 

1,300 

1,300 

1,290 

1,300 



1,308 

11« 
la 
1  t 
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-V.  J.J  from  May  21)  1o  July  iJO,  1«84. 
md  replaced  in  1  minute  27§  Mconda.    Gun  reported  to  liave  been  previously  flred  10,000  rouudd.] 


e 

I 

e 


Special  remarks  about  each  uio,  mucIi  a«  effect  on  piece,  sound  of  projectile  ii 

fli;;Ut,  scattering  of  fragments,  etc.,  etc. 


Lett  . 
Right 
Left  . 
Right 
Left . 
Right 
Left  . 
Right 
Left  ..I 
Right. 
Ixjft .. 
Right . 
K<th.. 


B<ith 


•  Pinil  into  sand  butt  for  Telocities. 


Both. 

Both. 

Both. 
Both. 


s 


B 


mm 


Ftreil  dvlibeiMtnlv  into  sand  butt  to  try  worlciug  mechanism  of  gnn.  Fired  de- 
lib<*rately  by  Mr.  Parkhurst,  assisted  bv  two  other  agents  of  Pratt  &  Whitney. 
Th«^  gun  woVked  well  throughout;  but  2  cartridges wera  thrown  to  the  gronnd 
in  ft'e<ling  4U4. 

Firod  deliberately  into  sand  butt  to  try  working  mechanism  of  gun.  Fired  de- 
liberately by  Pettingill,  assisted  by  two  agent«  of  Pi-att  &  Whitney.  The 
working  of  the  crank  being  Intermpted,  the  caning  wan  opened  and  locks  re- 
moved in  order  to  as<>ertain  rause,  but  without  succcmh  beyond  the  fact  that  it 
waH  in  lett  barrel,  whert^  au  emptj'  case  was  found  haiiiring  in  the  slot  in  rear. 
One  cartridge  was  thrown  to  the  gronnd  in  fetMling  494,  andthore  were  10  mias- 
ftres,  9  of  «  hich  were  fired  at  the  seccmd  attempt.  Tlio  look  of  the  left  barrel 
wfln  then  taken  out,  examined,  and  oiled. 

Fired  into  sand  butt  for  rapidity.  Served  by  Parkhurst,  Smith,  and  two  aaaiat- 
ant«.  Four  cartridges  thrown  to  the  ground  in  feeding  500.  Time,  1  minute 
14|  seconds. 

Filed  into  sand  bntt  for  rapidity.  Served  by  Merchant,  Pettingill  (new  bands), 
and  two  asHistanta.  Two  curtridgeK  thrown  to  the  ground  in  feeding  500. 
Time,  1  minute  29}  seconds. 

Fired  into  sand  bntt  for  rapidity.  Served  by  same  experts  as  above.  Four  car- 
tridges thrown  to  the  gronnd  m  feeding  500.    Time,  1  minute  0]  seconds. 

Fire<l  into  saud  butt  for  rapidity.  Served  by  same  employes  of  proving  gronnd 
as  a)x)ve.  One  stoppage  occurred  in  turning  the  crank,  which  wa9  overcome ; 
then  came  a  stoppage  which  necessitated  opening  the  casing,  and  an  empty  case 
was  found  sticking- in  the  chamber  of  the  left  barrel.  After  considerable'delAT 
in  examining  the  gun  and  replacing  the  cartridges  the  firing  was  corapletea, 
the  total  time  occupied  being  3  minutes  36|  seconds. 


^SitfhtingMhota. 


* 


«  (Fired  at  1,000-yattl  target.    Target  No.  1.    Direct  hits,  216.     Ricochet  hits, 
^  \     21.     Fired  in  lots  of  50,  between  each  of  which  gun  wiped  out  and  oiled. 


r 

J; 


/ 


5! 

0 


Sighting  i^hots. 


/ 


) 


OBD- 


Ffi-ed  ut  1,000  yard  target.    'J  -Mget.  Xo.  2.    Direct  hits,  148.    Ricochet  hits, 
14.    Fired  in  lots  of  50,  tlur'ng  'jne  of  which  a  stoppage  occurred.    The 
easing  was  opened,  and  ciie  empty  case  was  fonnd  wbich.  bad  >Mwa  ex- 
tracted trom  the  left  barrel  bat  not  ^ected  from  the  gun.    Gnn  wV^y^  wit 
and  oiled  between  tbe  lots. 

-14 


210 


REPORT  OF  THE  CHIEK  Of  ORDKANCE. 
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lieeard  of  firing  with  impi'oretJ  (Gardner  m4ichtne  gun  ai  S 


Barometer,    30.019; 
thermometer,  78 ;  < 
hnraidity,  54. 


1      Time. 

a 

i 

o 

■ 

1884. 

2 

s 

■ 

o 
?3 

a 

OS 

p 

2 

June. 

2 

Jnne. 

0 

Jone. 

50 

June. 

200 

Jnne. 

Jone. 

•1 

Jnne. 

250 

June. 

Barometer     30.184; 
thermometer,  75.3;  < 
hnmldity,  60. 


Barometer,  30.103: 
thermometer,  79.7 : 
humidity,  45. 


I 


Barometer,    29.954 ; 
thermometer,  77  ;^ 
hnmldity,  84. 


Barometer,    29.887 ; 
thermometer,  75.4;  < 
humidity,  81. 


2 

June. 

5 

2 

1 

June. 

5 

2 

Jane. 

5 

500 

Jnne. 

1 

5 

2 

1 
June. 

5 

2 

June.  . 

5 

500 

'  Jnne. 

5 

2 

,  July.  , 

2 

July. 

2 

July- 

12 

1 

'  July. 

12 

;  July. 

j                          ■ 

12 

•July.  ! 

12 

July. 

12 

July. 

,  50 

1  July.  1 

t  50 

1 

July. 

j50 

July. 

50 

1 

i  July. 

1  r«o 

July. 

12 

July. 

12 

•  July,  i 

12 

I 

July.  , 

1 

1 

■  July. 

1 
1 

1 

July. 

1 

July.  ^ 

Ammunition. 


c 

> 
O      « 

2  82 
2  30 


,  Fran  k  foitl  A  roen al,  500-  ,    «  .^ 
^     ffrain  bullet.  S    -^  ^ 


FrHukfonl  A  rifenal,  405- 
urain  bullet. 


2  32 
2  33 
2  50 

2  48 
2  48 


Frankford  Amenal,  500- 
grain  bullet 


Frankford  Arsenal,  405- 
grain  bullet. 


.  Frankford  Arsenal,  5P0-  • 
I     grain  bullet.  ' 


^  Frankford  Arsenal,  406- 
graln  bullet. 


6 

6  15 
5 

4  45 
0  30 
7 
7 

7  12 
7  20 
7  17 
7  15 
7  11 

7  11 
9  45 
9  15 
9  5 

8  50 
8  35 
8  20 


luHtmmeBtal. 
Feet. 
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,   .V.  ./.,  fnm  May  29  to  July  30, 1884— Con tinaed. 


A 

o 


Special  remarks  aboat  each  Are,  such  as  efTeot  on  piece,  soiintl  of  projectile  in 

difrht,  scattering  of  fhigmentg,  etc.,  et'C. 


s 


S9 


^s 


I 


&  a 


^  s 


I 


1^ 


a 


' 


n 


c 
e 

c 

s 


II 


c  s 


1 

[^  Sighting  »hot«. 

J 

?  Fired  at  1,000-yard  target.    Target  No.  3.    Direct  hits,  199.    Ricochet  hite,  40 
««  €     Firt^d  in  lota  of  50,  between  each  of  which  gun  wiped  ont  and  oiled. 


h 


Sighting  8hot«. 


Fired  at  1,000- yard  target.  Target  No.  4.  Direct  hito,  1(50.  Kicochet  hits, 
30.  Fired  in  lots  of  50,  daring  which  thi-ee  stoppages  occurred,  all  fonnd 
to  be  cansed  by  empty  oases  Jammed  in  the  chamber  of  the  left  barrel, 
from  which  they  had  not  been  extracted.  The  ballet  of  a  following  car- 
tridge was  in  each  case  pressing  against  the  head  of  the  empty  case. 


Sighting  shots. 


if    Fired  at  500.yard  target.    Target  No.  5.    Direct  hits,  470.    Kicocliet  hits,  10. 
*        Fired  in  lots  of  60,  between  which  gnu  wii)ed  out  and  oiled. 

J<  (  Sighting  shots. 

Fired  at  500-yard  target.  Target  No.  6.  Direct  hits,  470.  Kicochet  hits,  3. 
Three  failures  to  extract  from  left  barrel  occurred  during  this  set,  and  three 
failures  to  eject  empty  cases,  all  of  which  caused  stoppages. 


\  Sighting  shots. 


z 

5 


II 


^  )  Fired  at  mile  target.    Target  No.  7.    Direct  hits,  38.    Ricochet  hits,  2. 


>  Sighting  shots. 
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Record  of  firing  with  improved  Gardner  machine  g»H  at  <ViM4|r 


s 

i 


a 
s 


Time. 


1884. 


AniDiiiDitiuu. 


a 

o 


ee 


60  I  July. 
50  j  Jaly. 
50  July. 

50  '  July. 

i 

50  I  July. 
12  i  July. 
50  '  July. 

50  ,  July. 
Barometer,    29,887; 
thermometer,  75.4 ;<(    50  ,  July, 
humidity,  81. 

50  I  July. 

50  July. 
12  '  July. 
50  July. 
50  !  July. 
50  i  July. 
.'H)  July. 
50    July. 


Fninkford  Arsenal,  405- 
tn^in  bullet. 


'  Frankford  Araenal,  500-  •< 
grain  bullet. 


>  Frankford  Arsenal,  405-  < 
jp^ain  bnUet 


9 


O      ' 

8  15 
8  20 

8  25  I 

I 

8  30  I 
8  :i5  ' 
7  10  I 

7  10  ; 

7  15  i 

7  15  i 

I 

7  15  I 

I 

7  15 

8  39 


8  39 
8  39 
8  39 
8  39 
8  39 


.'?«. 


Instramental. 


a 

e 


Feei.     m.  «. 


2    Julv 


toometer,    29.818?  f      2    July, 
thermometer,  66.7 :  < 
humidity,  57.  (  500    July. 


16 


f  I'Yankford  Araenal,  500- 


1 A  i  i     {Train  bullet. 


i    1  15    .... 
V  1  17     By 


Mr.  A.  G. 

Sinclair. 


1  17 


r    65    July.  I  30 


Barometer,  29.870; 
thermometer,  75; 
humidity,  69. 


500  i  Julv.     30 


[  Fi-ankford  Arsenal.  405- 
grain  bullet 


500    July 


30 


0  By  exi>ert. 


0  By  ex|>ert 1114 


I  0         By  new  hand. 1  27| 
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pokj  J\'.  .7.,  JrfrtH  May  29  to  July  30,  1884~Continiied. 


11 


3p 

e 


Special  remarks  about  each  fire,  sach  as  effeot  on  piece,  aoand  of  projectile  in 

flight,  scattering  of  fragments,  etc.,  etc. 


t  . 


a 


a 
I 


3 


S>9 


1^1 


>•■ 


11 

a  — 
28: 


5 
S 


a*: 

8 
9 


« 


Fired  at  mUe  target.     Target  No.  8.     Direct  hits,  27.     lUoochet  hits,  8. 
One  miss-fire,  which  was  afterwards  fired.    6an  wiped  out  and  oiled. 


Sighting  shots. 


.a 


>  Fired  at  mile  target.    Target  No.  0.    Direct  hits,  52.    Kicochet  hlt«,  9 


fl      Sighting  shots. 


Fired  at  mile  target.    Target  No.  10.    Direct  hit*,  14.    Kicochet  hit,  1. 


,  Fired  at  600>yutl  target.    Fired  for  exhibition  in  presence  of  the  Hon.  Secretary 
of  War  and  party. 


Served  by  Parkhnrst,  Pettingill,  and  two 
assistants.  Crank-pin  came  out  and 
crank  came  off;  firing  ceased  until  pin 
and  crank  were  replaced. 

Served  by  Parkhurst,  Pettingill,  and  two 
assistants.  Two  miss-fires,  which  were 
snbseaaently  fired.  Time,  1  minnte  11| 
seconas. 

Served  by  Reilly,  Pettingill,  and  two  assist- 
ants {new  hands).  There  were  31  miss- 
fires,  all  of  which  were  subsequently  fired. 
Time,  1  minute  27i  seconds. 


*  Fired  into  sand  butt  for  rapidity.  ^ 


PLATE  I. 


Appendix  18—1884 


A 


Appendix  1&— 1884. 


I 


Appendix  18—1884. 
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PLATE  IV. 


^ 


Appendix  18—1884. 
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PLATE  V. 


Appendix  18—1884. 


PIRATE  VI. 


Appendix  18—1884. 
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Appendix  19 


GRESS    REPORT  OX    EXPLOSIVE    (iELATINE,  HY    THE    ORDNJNCS 

HOARD. 

■ 

(2  plates.) 

D  May  25,  1882,  a  letter  was  sent  to  the  Obief  of  Ordnauee,  statiug 
,  GeDeral  Abbot,  United  States  Engineers,  had  explained  to  the  Ord- 
ee  Board  the  chemical  composition  of  the  explosive  gelatine  men- 
ed  in  his  report  on  submarine  mines,  and  had  expressed  the  opinion 
)  this  gelatine,  when  freshly  prepared,  could  be  fired  in  projectiles 
)  rifled  guns  without  any  danger.  The  Board  suggested  the  trial 
landy  Hook  of  a  few  rifle  projectiles  charged  witli  the  gelatine.  On 
I  26,  1882,  this  letter  was  returned,  indorsed  "  approved,"  by  the 
ef  of  Ordnance. 

'n  November  10, 1882,  a  letter  from  Commodore  Montgomery  Sicard, 
ef  of  Bureau  of  Ordnance,  Navy  Department,  was  referred  to  the 
luance  Board  in  an  indorsement  by  Chief  of  Ordnance,  United  States 
ny,  stating  that  ''75  pounds  of  explosive  gelatine  had  been  ordered 
)e  sent  to  the  Sandy  Hook  Proving  Ground." 

'bis  gelatine  was  delivered  at  Sandy  Hook  on  the  15th  of  March, ' 
3.  The  Board,  having  been  notified  that  it  would  arrive  on  that 
S  reached  the  Hook  about  one  hour  after  the  delivery  of  the  explo- 
e,  as  it  was  deemed  expedient  to  commence  experiments  with  it  as 
n  as  possible.  The  gelatine  was  found  to  be  frozen,  and  so  hard 
it  it  could  with  difficulty  be  penetrated  with  a  knife.  All  the  details 
the  experiments  with  it  are  given  in  the  accompanying  firing  record. 
n  a  letter  of  April  3, 1883,  from  Capt.  Thomas  O.  Selfridge  to  the  pres- 
nt  of  the  Board,  it  is  stated  that  this  gelatine  was  m^e  on  the  9th 
December,  1882,  and  that  its  composition  was  as  follows  : 

Per  cent. 

W-glycerine 88.66 

able  gun-cotton 7. 34 

nphor 4.00 

100.00 

t  will,  therefore,  be  seen  that  this  gelatine  was  over  three  months  old 
*iu  it  was  received  by  the  Board,  and  that  the  circumstances  atteud- 
'  the  experiments  with  it  were  not  those  contemplated  by  the  Board 
finally.  For,  as  mentioned  above,  General  Abbot  stated  that  he  be- 
^^  it  would  be  entirely  safe  to  fire  it  in  shells  from  rifled  guns  when 
^ajj  freshly  prepared. 

tis,  of  course,  understood  this  or  a  similar  explosive  would  only  be 
'd  in  time  of  actual  war.  In  so  far  as  the  specimen  tried  by  the 
*r(l  is  concerned  it  was  shown  that,  although  old,  it  possessed  great 
^ility  and  was  with  difficulty  detonated.     It  would  appeax  W\al  \Xv^ 
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detoimtion  is  more  perfect  when  the  gelatiue  in  ex])loded  in  a  solid  niasti 
and  not  cut  up  into  strips  or  cubes.  A  shell  with  the  base  screwed  on 
could  be  readily  devised  to  contain  cyliiulers  of  this  gelatine  freshly  pre- 
pared to  be  used  in  time  of  war. 

Finally,  it  is  respectfully  suggested  that  the  Board  be  authorized  to 
prepare  a  small  quantity  of  this  compound  and  fire  it  in  shells  from 
rifled  guns. 

T.  G.  BAYLOR, 
Colonel  of  Ordnance^  President  of  the  Board, 

GEO.  W.  MoKKB, 

Major  of  Ordnance, 
CHARLES  SITaLER, 

Captain  of  Ordnance, 
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litcord  of  firing  \ciih  explosive  gelaHnef  at  Sondf 


Powder. 


Time. 


Barometei',  29.984 ;  ther- 
mometer, 31 ;  humidity, 
68;  wind,  24  miles  an 
honr. 


i 

o 

CO 

a 


'  s 

Kind. 

'    «• 

1      » 

1     * 

■ 

1883. 

;  ut. 

Mar.  16    

• 

f     783  I  Mar.  16  i  r  Mortar 1     1 

784     Mar.  16  { \  DaPont's  L  K.  A.  I>eBai-    [    S 
i       ty,   1.725;    gruralBtUm, 
I     2,200.  J 

I  Mar.  16  . 


12  pounds  exploeiye  gelatine  frocen ;  1  caktu 


Barometer,     29.939;     ther- 
mometer,  37;    humidity, 
46:    wind,    16    miles    an^ 
hoar. 


!    785  I  Mar.  28  ' 


786  Mar.  28 

787  Mar.  28 

788  Mar.  28 

789  i  Mar.  28 

790  Mai-.  28 


DaPont'sLSLB.    Densi- 
ty, 1.725;  grannlatiom.  |.< 
2,200. 


NoTK. — Gelatine  when  first  taken  ftom  the  box  in  which  it  arriyed  was  found  to  be  frosen  and  sx 
ping  a  12-pound  rifle  projectile  point  on  throaeh  a  height  of  3',  projectile  merely  denting  the  cake  il 
flrreee  Fahrenheit  some  16  hours,  when  it  was  round  that  the  cake  was  so  much  softened  aa  to  hn  oasilj 
Ine  fuze  hole  of  the  shell  when  loading. 
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JH9ok,  S.  J,,  from  March  16  to  March  26,  186:1. 


Projectile. 


Kind. 


S    !    ;^ 


Special  remarks  about  each  fire,  such  an  effect  on  pi^oe, 
sound  of  projectile  in  flight,  scattoring  of  fraKments, 
etc.,  etc. 


Bailer  shell  (old),  con 
utinlDg  6  poonds  ez- 
plosive  ^relatine. 


Lbt.      =   '     Feet. 


144 


Dyer  percoasion  shell 
with  Schenke  percus- 
sion faxe.  Shell  con- 
taining  6)  onnceaex- 
ploaire  gelatine. 

Bntler  shell  (old),  con- 
taining 3  poands,  12^ 
ounces  explosive  gel- 
atine. 


9 


9 


144 


Shell  unfilled. 


S 
JS 

■*>■ 

"i| 

is' 

B  a.      Shf'H  fM>ntaininj; 
£  61  fHioceA  ex- 

^     \      )tloAive  irela-    » 
tine.  Plunder 
removed  from 
fnze. 


a. 


J 


9 

5 

21 

9 

5 

•22 

9 

5 

22 

1 
9 

5 

22.50 

9 

5 

23.  .50 

9  1 

5 

23 

Placed  on  a  block  'i>oiQt  on  and  clone  to  an  iron  plati^  4" 
thick  and  9f  wide  and  12'  long,  and  exploded  by  means 
of  1  electric  primer  (fulminate).  Explosion  reduced 
shell  to  a  great  number  of  small  fragments,  throwing 
some  of  them  over  tho  sand  butt,  behind  wliich  the 

{>late  watt  placed,  and  to  the  f^ont.  After  explosion  at 
east  one-tnird  of  the  pieces  of  the  gelatine  which  were 
put  in  the  nhell  were  found  scattered  iu  the  sand  un- 
consuraed.    Effect  uii  plate,  slight  d<'preAsion. 

Fired  at  iron  plate.  Shell  founn  at  plate,  broken  into 
very  small  fragments.  Plate  spattered  with  lead  from 
sabot.    Indentation  slight. 

Fired  at  iron  plate  and  through  a  wooden  screen  placed 
between  gun  and  plate.  SnoU  broke  up  at  or  near 
muzzle. 

Placed  on  a  block  side  on  and  in  oonta<'t  with  iron  plate 
and  exploded  bj'  means  of  3  electric  primers  (fulmin- 
ate). Explosion;  shell  broke  into  many  small  frag- 
ments.   Effect  on  plate  slight. 

Placed  flatwise  against  face  of  plate.  Explo<l(Ml  by 
means  of  3  electric  primers  (fulminate).  Effect,  crack 
mado  in  plate  2.V  long.    Depression  made  2"  deop. 


Flight  goo4l :  di.l  not  break  up. 

Do. 
Sabot  strippe<i.     Did  not  break  up 
BuFHt  at  or  near  muzzle  of  gun. 

Do. 

Do. 


es 

u 

> 

o 


«ee<lin^ly  difficalt  to  cat  with  a  knife.    An  effort  was  mB<b«  to  break  one  cake  of  12  poun  1a  I)\  'Irop 
its  fan.     It  waji  then  placed  in  an  old  bomb-proof  and  kept  at  a  temperature  of  l>etween  (K)  uud  70  <le- 
«nt  with  a  knife,  when  it  was  cut  into  strips  and  enb*>s  sufliclentlv  ^nuill  to  eualile  theui  to  wo  thiongb 
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On  January  2%  1884,  the  Board  wrote  the  Chief  of  Ordnance  stating 
that  General  Abbot,  United  States  Engineers,  had  on  hand  a  quantity 
of  improved  explosive  gelatine,  and  requesting  that  anthority  be  ob- 
tained from  the  Engineer  Bureaa,  War  Department,  for  General  Abbot 
to  furnish  the  Board  with  50  yjounds  of  that  explosive. 

Authority  having  been  granted,  experiments^  were  conducted  at  Saudy 
Hook  on  February  26,  27,  and  28,  and  March  8.  Full  details  are  given 
in  the  accompanying  firing  records. 

The  explosive  gelatine  was  manufactured  by  the  Nobel's  Explosive 
Company,  Glasgow,  Scotland.    It  is  put  up  in  cartridges  about  3.5  inches 
in  length  by  0.75  inch  in  diameter.    The  cartridge  paper  is  a  strong 
white  fabnc  and  may  be  easily  detached  from  the  gelatine.     Each  car- 
tridge is  labeled  "  Dynamite."    The  gelatine  is  of  the  consistency  of 
the  ordinary  fruit  pastes,  which  it  much  resembles  in  appearance.    It 
is  readily  cut  with  a  knife,  and  may  be  torn  or  shredded  with  the  Angers. 
Hence  the  shells  were  easily  loaded  and  the  charges  made  very  compact 
by  hand.    General  Abbot  informs  the  Board  that  the  chemical  compo- 
sition of  this  sample  is  as  follows : 

Per  oeot. 

Nitro-glyceriue 92 

Nitro-cotton 8 

100 

It  will  be  seen  that  there  is  no  camphor  present  here.  General  Ab- 
bot states  that  7  to  10  per  cent,  of  camphor  will  render  the  gelatine  en- 
tirely inexplosive,  and  that  the  Austrians  camphorate  their  war  gelatine 
to  the  extent  of  4  i)er  cent. 

On  February  27  one  shell  loaded  with  gelatine  having  beeu  fired  suc- 
cessfully from  a  3-inch  muzzle-loading  rifle,  it  was  thought  that  possibly 
the  premature  explosions  might  be  due  to  heat  generated  by  the  angu- 
lar velocity  of  the  shells.  It  was  therefore  determined  to  load  the  gel- 
atine into  wooden  cases,  the  gelatine  being  very  compact  with  the  case 
and  revolving  with  it.  It  was  attempted  to  make  the  friction  a  mini- 
mum by  lubricating  the  case  with  paraffine  and  graphite. 

As  shown  in  the  records,  the  first  shell  thus  prepared  was  fired  suc- 
cessfully from  a  3.2-inch  breech -loading  rifle.  The  shell  passed  through 
a  wooden  target  composed  of  2-inch  boards,  and  exploded  after  striking 
a  second  target  of  iron. 

In  the  second  shell  the  wooden  case  became  cracked  while  being  loaded. 
This  may  or  may  not  have  caused  the  premature  explosion. 

There  seems  to  be  little  doubt  as  regards  the  third  shell  that  it  either 
broke  trom  the  shock  of  discharge  or  admitted  powder  gas,  thus  de- 
tonating the  gelatine  instantly  near  the  seat  of  charge. 

The  shells  used  in  the  trials  were  of  the  Butler  pattern  for  muzzle- 
loaders  and  Hotchkiss  for  breech-loaders,  altered  in  the  best  manner 
possible  to  suit  the  occasion. 

As  detailed  in  the  records,  three  shells  were  fired  with  fulminate  of 
mercury  fuzes.  The  fulminate  was  too  sensitive  to  stand  the  shock, 
and  it  was  found  afterwards  that  the  gelatine  needed  no  detonator. 

Although  the  tests  made  were  few,  it  would  nevertheless  appear  from 
them — 

1.  That  the  shells  explode  after  clearing  the  muzzle,  and  therefore 
the  detonation  of  the  gelatine  is  due  to  some  cause  other  than  the  shock 
of  discharge— very  possibly  the  heat  generated  by  angular  velocity. 

2.  This  is  corroborated  by  the  fact  that  one  shell  passed  through  a 
2-iiwh  board  target  without  exploaiow. 
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be  gelatiue  used  in  these  tests  not  being  camphorated  renders  it 
probable  that  a  certain  percentage  of  camphor  added  would 
sh  a  compound  which  could  be  fired  successfully  in  a  specially 
u'ted  shell. 

le  j:elatine  does  not  require  a  fiize  or  dc^tonator  of  any  kind, 
is  believed  the  shell  which  destroyed  tlu-  .*i.2inch  breech -loinUng 
Like  from  the  shock  of  discharge  or  admission  of  powder  gas,  and 
^tonated  thi*  gelatine. 

T.  G.  BAYLOR, 
Colonel  of  (h'dnance,  President  of  the  Board, 

GEO.  W.  McKEE, 

Major  of  Ordnavce, 
CHARLES  SHALER,       • 
Captain  of  Ordnance, 
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liecord  of  firing  with  3-inch  muzzle-loadiHg  rifle  Xo,  9^15,  a/  Samdy 


Powder. 


Pro(jeotl1e. 


iM       Tinio. 

e 
u 
S 


18f'4. 


Kind. 


Wei^lht. 


lbs.    oz. 


Weight. 


Kind. 


a 

o 

a 
> 
e 


lbs.    oz.      S 


Barometrr.         29.804;     791  Ft-b.  26     Mortiir 1       4     Butler     »hell        » 

ibennouiet«<r,  38:  hii-  (empty), 

midifv,  82. 

792  Feb.  27   ...do 1       4     Butler  shell 10 


4     0 


Ruromuter.  29.913; 
theiononieter.  40: 
humidity,  73. 


-H 


793     Feb.  27 


794  Feb.  27 

795  Feb.  27 

796  Feb.  27 


B 


i."5 
M 


S 


2 


!     2 


I         1 


do 


do 


do 


I    2    : do 


10  4   +i 

9  12  -K 

9  ....-H 

9  12    -hi 


s 
e 
pu 


I        t 
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Is 


Special  remarkM  about  each  tire.  hucIi  an 
effect  on  piece,  sonnd  of  projtM-til**  lo 
flight,  Hcatterin^  of  fVa|nnent«,  etc.,  ete. 


i 


^ 


FVom  remr  and  left 
4V,  11  milen  an 
hour. 


c 

J3 


B 

99 

I 


Fired  into  sand  bntt  to  try  fnee 


a 


Fired  at  iron  target 70  yards  from  muz- 
zle of  frnn  to  try  ftize. 


Fired  into  aand  bntt  No.  2  to  try  fiiae. . , 


Fired  at  iron  target  70  yards  from  muz- 
zle of  gnu  to  ascertain  if  shook  of  fir- 
ing would  explode  gelatine. 

Fired  at  iron  target  70  ^ardsfhim  muz- 
zle of  gun  to  ascertain  if  shell  would 
break  up  by  shock  of  discharge. 

Fired  at  iron  target  70  yards  from  muz- 
zle of  gun  to  ascertain  if  shock  of  fir- 
ing would  explode  gelatine. 


Faze  contained  25  grains  fulminate  of 
mercury.  Fuze  exploded  on  striking 
butt. 

Shell  loadetl  with  a  bursting  charge  of 
10^  ounces  musket  powder.  Fuze  con- 
tained 25  grains  fulminate  of  mercury. 
Shell  exploded  at  or  near  muzzle  of 
gun. 

Shell  loaded  with  a  bursting  charge  of 
11  ounces  musket  powder.  Fuze  con- 
taineil  25  grains  fulminate  of  mercury. 
Shell  exploded  at  or  near  muzzle  of 
gun. 

Shell  loaded  with  exploHive  gelatine  (} 
pound),  using  a  Hotchkiss  fuze  with 
plunger  removed.  Shell  exploded  at 
or  near  mu/zle  of  srun. 

Shell  empty  nnd  plugsed  with  wood. 
Shell  struck  target  before  breaking  up. 

Shell  loaded  with  I  pound  gelatine,  using 
a  Hotchkiss  fuze  without  plunger. 
Shell  explodetl  on  striking  target.  A 
wad  of  tow  half  filling  a  3-inch  car- 
tridge bag  was  interposed  between 
shell  aud  cartridge.  The  shell  struck 
tarset  sideways,  producing  an  appre- 
ciable indentation.  The  heads  of  thu 
shells  used  iu  these  rounds  were 
screwed  to  the  body  for  tho  sake  of 
convenience  in  introducing  the  gelai 
tine. 

The  gelatine  sticks  (in  ]>aper  wra))pers) 
were  loaded  in  the  shell  as  coinimctly 
as  could  be  done  by  hand,  and  tha 
head  of  the  shell  was  filled  with  cot- 
ton waste. 
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Record  of  firing  wilh  3.2-tncA  hreeeh-loading  ri/e-Vo.  774, 
CHAMBERED. 


Powder. 


Pratjectile. 


SttKometer,  29.231; 
thennometer,  37;  ha- 
midity,  82. 


«M       Time. 

o 

I 

a 


873  'Feb.28 


Bwometer,     29.M1; 
thermometer,  35;  < 
hvmldity,  80. 


879  ;  Mar.  8 


880 


Mar.  8 


881  ;  Mar.  « 


Kind. 


S 


a 


§ 


I 

a 


0 
O 
CL4 


Weight.! 


Weight. 


Kind. 


lbs.  \  OS. 


Jhe. 


DC. 


2 
2 


a 

e 

9 


0    / 


2   ....  Hotohkiw  nhrap-  j  11  |....:+i 
nel  case   filled  I       !      ' 
with    1    pound  I 
exploaiye  gela- 
tine. 


(\  10 


is 

3  0 


8.+iy 


10 


10 


8,-14! 
8!+l 
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Hook,  if.  J.,  from  February  28  to  March  6, 1384. 

CHAHBBBBD. 


ttriking 
target 


(untalor 
nam 


Find  ftt  iron  tarfcett  distant  70  yarda 
from  gun,  to  aaoertain  if  shock  woald 
explode  gelatine.  Sl^ell  exploded  at 
or  near  mozzle  of  gnn.  Gelatine 
packed  in  shell  as  compactly  as  pos- 
sible by  band.  Paper  coverings  re- 
moved  from  sticks  of  npper  layers 
and  head  filled  with  cotton  waste.  A 
tow  wad  was  inserted  between  base 
of  shot  snd  cartridge. 
Fired  at  iron  target,  distant  70  yards 
from  gnn.  to  ascertain  if  shock  of  fir- 
ing would  explode  gelatine.  Gelatine 
packed  in  an  inner  wooden  case  as 
compactly  as  possible  by  hand.  Pa- 
per corerings  removed  from  sticks  of 
apper  layers  and  head  of  shell  filled 
with  cotton  waste.  A  tow  wad  was 
Inserted  between  fkce  of  shot  and 
cartridge.  The  inner  case  was  of 
pine  wood  and  was  so  fitted  to  the 
cavity  of  shell  as  to  admit  free  mo- 
tion within  it-  Walls  of  cavity  and 
inside  and  ont  of  wooden  oaae 
ameared  with  parafflne  and  black 
lead. 


Special  remarks  abont  each  fire,  sooh  as 
effect  on  piece,  sound  of  projectile  in 
fiight,  scattering  of  fragments^  ete.,eto. 


Shell  passed  through  wooden  screen  2 
inches  thick  without  bursttng. 


Burst  in  gun.  All  that  part  of  gnn  in 
rear  or  firont  of  breech-recelTer  was 
thrown  uni^}«^ed  to  the  rear,  and  the 
rest  of  the  gnn  was  broken  into  ilx  large 
fragmento.  The  carriage  was  dis- 
mounted, both  wheels  entirely  dis- 
abled, cheeks  spread  outward  forward 
of  the  lipont  transom  00  domes,  rein- 
forcing cheek  and  trunnion  Md-platea 
broken. 


1191  OBD- 


15 
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The  Ordnance  Board  respectfully  submits  the  following  report  of  its 
investigations  up  to  date  in  the  matter  of  high  explosives,  it  being 
thought  that  the  experience  and  information,  thereby  attained  might  be 
of  service  to  others  interested  in  the  subject,  and  that  it  might  possibly 
prevent  them  from  going  over  old  ground. 

The  Board  on  April  7, 1883,  forwarded  Ordnance  Board  Report  R 
^,  1883,  accompanied  by  firing  records,  giving  all  the  details  of  experi- 
"^ments  with  explosive  gelatine  furnished  by  the  Navy  Departueut.  On 
March  15,  1884,  Ordnance  Board  Report  No.  19,  1884,, was  forwarded 
with  firing  records,  giving  details  of  the  experiments  up  to  that  time 
with  explosive  gelatine,  furnished  by  Ck>lonel  Abbot,  of  the  United  States 
Oon^s  of  Engineers. 

On  March  29, 1884,  the  following  letter  was  forwarded : 

In  the  reports  already  forwarded  of  the  experi  men  t«  made  at  Sandy  Hook  with  ex- 
plosive gelatine  it  has  been  shown  that  it  is  possible  to  fire  this  compoand  sawm- 
fdlly  from  a  rifled  gun.  The  shells  used  were  not  specially  devised  for  this  ezplotive, 
bat  were  cast-iron  projectiles,  reame<l  out  in  some  instances,  in  others  cut  in  two  so 
as  to  form  a  screw-head.  They  were,  consequently,  not  entirely  suited  for  tue  par- 
pose,  but  the  results  from  such  improvised  material  are  at  least  encouraging. 

There  are-  available  for  experimental  purposes  guns  which  have  reached  their  an- 
ticipated life  period  (in  the  service),  and  others  which  have  been  injured  in  theei- 
perimentations  directed  to  be  made  with  the  devices  of  various  inventors.  One  8-iDch 
muzzle- loading  gun  at  Sandy  Hook  is  so  injured  and  would  answer  for  this  purpose. 

The  experiments  would  not  be  very  costly,  and,  if  successful  entirely,  the  enormooi 

S>cuniary  value  of  them  to  the  United  States  certainly  warrants  a  determioed  vA 
ir  trial  in  this  direction. 

It  is  recommended  that  a  special  shell,  drawings  of  which  wiU  be  forwarded,  be 
constructed,  and  that  a  certain  quantity  of  camphorated  gelatine  be  obtained  from  the 
Kobel  Company. 

It  is  understood  that  the  Nobel  gelatine  recently  used,  and  which  was  fired  sQcoew- 
fally  in  two  shells,  was  the  ordinary  blasting  dynamite,  and  had  no  camphor  in  it. 
Its  composition  has  been  given  in  the  report. 

The  Board  will  get  all  possible  information  from  Nobel  and  make  experinieoti 
looking  to  the  camphorating  of  the  gelatine  on  hand  with  as  little  delay  as  possible. 
•f  which  you  will  be  promptly  notified. 

The  Board,  as  appears  from  this  comrannication,  requested  aathority 
from  the  Chief  of  Ordnance  to  have  special  cast-iron  8-inch  shells  cod- 
strncted.  Detailed  drawings  of  these  shells  were  forwarded  April  7, 
1884.  The  solid  head  was  screwed  on,  but  the  object  was  simply  to 
demonstrate  the  possibility  of  firing  gelatine  from  a  gun.  The  solid 
head  wonld  help  to  show  what  i)enetration,  if  any,  could  be  obtained  in 
a  wrought-irbn  target  before  the  gelatine  was  detonated  by  concussioD. 
This  cast-iron  shell  was  necessarily  weak  at  the  screw  circamferenoe. 
Should  this  experiment  be  successful  the  Board  proposed  to  design  a 
steel  shell  with  the  screw  at  the  base  and  a  head  constructed  in  the  best 
known  manner  for  penetration  into  armor-plates.  The  details  of  the 
trials  with  these  8-inch  cast-iron  screw  shells  are  given  in  the  accompanj* 
ing  firing  records. 

They  were  sufficiently  successful  to  warrant  the  Board  in  suggesting 
«ix  steel  shells  to  be  made.  The  letters  and  drawings  there  anent  were 
forwarded  to  the  Ordnance  Office  on  August  16, 1884. 

The  Board  desires  to  state  that  a  rubber  buffer,  suggested  by  Mr.  F. 
H.  Williams,  of  Syracuse,  N.  Y.,  and  described  in  the  firing  records, 
has  heretofore  been  used  in  these  trials,  but  it  is  believed  that  the  gel- 
atine may  quite  probably  be  fired  without  any  cushion  whatever.    It  is 
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lao  believed  that  paper  casee  for  coDtaining  the  explosive  may  be  die- 
leased  with.  The  diaphragm  at  right  angles  (described  in  records)  is 
honght  to  be  neoessary.  or  at  least  safe,  in  a  rifle  shelL 

T.  G.  BAYLOE, 
Colonel  of  Ordnance^  President  of  the  Board. 

GEO.  W.  MoKBB, 

Major  of  Ordnance. 
OHABLES  8HALEB, 

Captain  of  Ordnance. 
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Reoord  o/Jifnnffwiih  94ndi  miurWe-icNMUii^  HJU  No.  7,  B.  I 
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t  Sandg  H0ok,  N.  J,y  from  June  18  to  Auguit  23, 1864. 
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Gun  mounted  on  cradle. 

Shell  speciaUjpreparpdwithdetaehablehead  tor 
exploeive  gelatine,  containing  a  paper  ease  i- 
inch  thick  divided  longitadinally  in  four  sec- 
tions by  wooden  partitions  |*inch  thick  inter- 
secting each  other  at  right  angles.  Laundry 
soap,  cut  into  strips  and  wrapped  in  soft*paper 
in  imitation  of  explosire  gelatine,  was  packed 
in  caraftiUy  by  hand,  and  the  case  was  then  in- 
serted into  the  shell,  resting  at  bottom  on  cot- 
ton waste.  When  reooTered  and  examined  the 
base  of  the  paper  case  was  found  crushed  in  on 
one  side,  and  the  aide  was  split  in  one  place 
lonffitudinally.  AU  the  wooden  partitions  were 
broKen  off  where  attached  to  paper  case.  The 
soap  was  compressed  only  to  the  eztentof  mak- 
ing it  difficult  to  distinguish  and  separate  the 
sttoks.  A  hollow  rubber  buffer  1"  thick,  0" 
long,  and  0"  in  diameter,  inserted  between  the 
charge  and  projectile,  was  considerably  broken 
up  at  the  discharge. 

Shell  specially  prepared,  as  in  round  424,  with 
paper  case  (subdiiaded  as  before  into  four  ver- 
tical sections  by  thin  wooden  diaphragms.  ex> 
tending,  however,  only  to  within  finch  of 
bottom)  resting  on  cork,  fllling  bottom  of  shell 
oarity.  A  rubber  buffer  wb  also  interposed 
between  cartridge  and  shell,  as  in  round  424. 
The  interior  of  shell,  the  cork,  and  surlkoes  of 
paper  case  were  carefully  smeared  with  plum- 
oago,  and  the  explosive  gelatine  filled  in  oom- 
pactlv  without  removing  paper  from  sticks. 
Small  wads  of  waste  werejplaced  underneath 
and  above  the  gelatine.  The  shell  burst  inte 
small  fragments  after  striking  target.  The 
head,  a  large  portion  of  which  was  found  in 
front  of  target,  had  penetrated  to  a  depth  of 
about  7  inches,  leaving  a  fair  impression,  on  the 
right  side  of  which  the  outer  2*' plate  ox  target 
was  somewhat  cracked. 

Shell  prepared  and  fired  as  in  preceding  round* 
except  that  the  wooden  partitions  were  omitted 
and  that  the  interior  surface  of  the  paper  case 
was  not  coated  with  plumbago.  SheU  ourst  at 
or  near  musde  with  so  little  comparative  vio- 
lenoe  that  large  pieces  of  the  paper  case— the 
bottom  almost  entire— were  picxed  up  between 
gun  and  target.  A  portion  of  the  baas  of  shell, 
carrying  abont  two-thirds  of  the  sabot,  struck 
target-making  well-marked  indentation. 

Shell  specially  prepared  andfired  as  in  round  426, 
except  that  the  gelatine  in  each  partition  was 
covered  with  pasteboard  discs.  SbeU  burst  into 
small  fragments  after  striking  target,  making 
penetration  of  7  inches. 


/ 


SheU. divided  into  4  kmgltndinal  seotaons  by 
diaphragms  of  sheet  copper  and  gelatino 
pacxed  in  by  hand,  a  small  pad  of  cotton 
waste  being  placed  at  bottom  and  top. 


i 
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report  ox  tes  lyman-haskell  multicharge  gun. 

Ordnance  Office,  War  Department, 

Washington^  D.  0.,  June  14,  1884. 

rhe  honorable  the  Secretary  of  War  : 

Sir  :  I  have  the  honor  to  return  herewith  letter  trom  the  House  Gom- 
nittee  on  Military  Affairs,  inclosing  a  memorial  from  J.  B.  Haskell 
i8kiDg  tor  an  appropriation  for  the  construction  of  thi*ee  multicharge 
[hds,  and  to  re}K)rt : 

Attention  is  invited  to  the  inclosed  report  of  the  Ordnance  Board, 
0  ^hom  these  papers  were  referred. 

I  concur  with  the  conclusions  of  the  Board,  as  expressed  in  their  sum- 
mary statement  of  objections  to  the  multicharge-gun  system. 

The  very  great  weight  of  the  multicharge  gun,  relatively  to  its  call- 
er, is  a  primary  objection  to  the  system.  The  single-charge  guns  of 
rdiuary  t^pe,  approximating  to  it  in  weight,  are  of  9  and  10  inches 
aliber,  and  possess  an  absolute  piercing  power  of  from  one  and  one- 
alf  to  two  and  one-half  times  that  of  the  multicharge  gun,  without 
akiug  into  account  the  much  larger  perforations  produced  by  the  larger 
and  10  inch  projectiles.  The  total  energy — smashing  effect — imparted 
|>  the  latter,  which  is  regarded  as  the  measure  of  effect  ag<iinst  hard 
rmor,  is  from  two  and  one-half  ta  three  and  one-half  times  that  of  the 
lulticharge  gun. 

It  does  not  appear  probable  that  the  weight  of  this  gun  can  be 
ddooed  to  anything  like  that  of  a  single  loader  of  the  same  caliber, 
'he  huge  protul)erance^,  in  which  are  formed  the  loading  pockets,  keep 
ip  the  weight  of  the  breech  portion ;  whilst,  owing  to  the  condition 
hat  ^Mnstead  of  all  the  pressure  being  concentrated  in  the  breech  it  is 
'venly  distributed  along  the  bore,"  the  weight  of  the  front  or  cha«e  por- 
icn  mast  be  kept  up  considerably  above  what  is  required  with  ordinary 
runs. 

If  the  weight  of  the  6-inch  multicharge  gun  were  reduced  to  one-half 
t«  present  weight,  it  would  still  be  three  times  as  heavy  as  a  modern 
^-inch  single-charge  gun  ;  and  yet  the  power  of  the  latter  has  nearly ' 
'qualed  that  of  the  multicharge  gun,  and  with  a  saving  of  nearly  two- 
^irds  the  weight  of  the  powder  charge.  This  leads  me  to  refer  to  a 
Secondary,  but  not  unimportant,  objection,  namely,  the  woMte  of  the  use- 
ful effect  of  the  powder  charge  with  the  multicharge  gun.  The  charge 
^^  with  the  6-inch  multicharge  gun,  on  which  the  Ordnance  Board 
^Bd  Mr.  Haskell  have  based  their  comparisons,  was  109  pounds,  giving 
t^a  projectile  of  110  pounds  a  velocity  of  1,935  feet  for  a  pressure  on 
^he  bore  of  23,600  pounds.  The  relative  utilization  of  the  charge  with 
Ae  6-inch  single-charge  guns  has  just  been  mentioned. 

To  take  another  instance :  the  Erupp  8^-inch  single-charge  gun,  of 
^%  one-half  th^  weight  of  the  6-iuch  multicharge,  with  a  charge  of  W 
P<>^t)d8, imparts  to  its  projectile  of  310  pounds,  and  of  from  three  and  one- 
*^«lf  to  foar  and  one-half  calibers  length,  a  velocity  of  1,780  feet,  with  the 
Moderate  pressure  on  the  bore  of  33,600  pounds — 16, tons.  This  gives 
^piercing  power  for  the  S^-inch  gan  of  nearly  one  and  three-quatleni 
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times,  and  a  Bmashing  effect  of  nearly  two  and  one-half  timeB,  that  of  the 
6-inch  mnlticharge  gon,  whilst  the  energy  realized  x>er  poand  of  powda 
is  about  69  foot-tons  for  the  Krapp  gnn,  and  only  27  foot-tons  for  the 
mnlticharge.  The  great  improvements  mad^  with  powders  within  the 
last  two  years — as  shown  from  the  firing  records  of  European  gum— 
render  it  very  probable  that  with  single-charge  gnus  quite  as  favorable 
average  results  will  be  obtained,  caliber  for  caliber,  as  with  the  multi- 
charge,  and  without  borrowing  from  the  latter  any  of  its  objectionable 
features.  Even  should  the  pressure  prove  to  be  higher,  the  single- 
charge  gun  can  be  made  much  the  stronger  constrnction,  and  therefore 
is  not  to  be  regarded  as  any  the  less  safe. 

The  objections  to  the  gun  as  a  system  of  construction  and  as  a  prac- 
ticable  arm  for  the  service  are  fairly  stated,  it  is  believed,  in  the  report 
of  the  Ordnance  Board. 

If  it  should  be  thought  desirable  that  further  trials  be  made  witiithia 
system,  in  order  to  its  more  complete  development,  the  existing  6-iDcb 
mnlticharge  gun,  now  at  the  Proving  Ground,  Sandy  Hook,  is  being 
put  in  a  serviceable  condition  and  could  be  utilized  for  that  purpose. 
Very  respectfully,  your  obedient  servant, 

S.  V.  BENfiT, 
Brigadier- General^  Ckirf  of  Ordnance, 


Report  <m  the  memorial  of  J.  R.  Haskell  to  the  House  Committee  on  Militur^  AJfdAre^  refenti 
to  the  Ordnaiuse  Board  by  the  Chief  of  Ordnanecj  dated  June  4,  1884. 

The  pointd  urged  in  the  memorial  are  principally  three,  which,  briefly  stated,  vt 

1.  A  claim  that  experiments  with  a  6-inch  Lyman-Haskell  mnlticharge  ^on  weigh 
ing  abont  25  tons  have  given  results  far  superior  to  those  obtained  from  similar  gan! 
of  simple  construction,  the  bases  of  comparison  being  the  resnlt«  obtained  with  i 
Krupp  5.87-inch  gun  weighing  3.8  tons,  and  an  Armstrong  6-inch  gun  weighing  3.1 
tons. 

2.  That  if  the  above  claim  be  admitted,  the  Qovemment  should  continue  theexperi 
ment  by  appropriating  the  sum  of  $250,000  for  three  8-inch  mnlticharge  guns. 

3.  That  one  of  these  8-inoh  gnus  should  be  made  of  Atwood's  metal. 

The  Ordnance  Board  is  directed  to  hear  the  memorialist  in  person,  to  report  od  tli< 
points  made,  and  to  express  an  opinion  as  to  the  advisability  of  recommeudio);  fti 
appropriation. 

The  Board  has  heard  Mr.  Haskell  and  examined  alj  the  accompanying  papers  u>< 
drawings. 

The  advantages  claimed  for  the  mnlticharge  system  of  gun  construction  aretha] 
a  mnch  greater  energy,  with  less  pressure  per  square  inch  on  the  bore  of  a  guu  ao£ 
within  the  limits  of  safety,  can  be  obtained  than  with  any  gun  of  the  same  csliber 
employing  only  a  single  charge  of  powder. 

An  analysis  of  the  practical  results  obtained  with  the  6-inch  multichan;e  at  Ssod.^ 
Hook  and  of  the  construction  itself  are  the  only  guides  upon  which  the  Board  has  i^ 
relv  in  forming  its  opinion  as  to  whether  the  advantages  claimed  have  b<»en  resliz^ 
and  as  to  the  value  of  this  system  of  gun  construction. 

There  seems  to  be  no  doubt  that  a  higher  energy  has  been  obtained  with  thidgon 
with  its  successive  charges  and  with  moderate  and  safer  pressures  than  can  molt 
from  any  gun  of  the  same  caliber  using  only  one  charge. 

It  seems,  however,  to  the  Board  that  a  proper  comparison  of  this  system  with  the 
single-charge  system  should  be  made  with  guns  of  like  weight,  and  for  this  por* 
pose  the  following  analysis  is  presented,  giving  the  data  obtained  with  thi8  6-ioeb 
gmr  and  with  others : 
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e  two  gons,  whieli  giye  lesttlts  About  the  Bame  as  the  Lyman-HaskeU,  and 
ounoh  less,  are  yery  inferior  to  the  beet  guns  of  a  eimilar  type  made  at  preeent, 


Caliber. 


Inehsa. 
9 


^•^•"- !  jA^t^. 


Weight 
of  charge. 


Tofu. 
18 


Poundt.   I 
12 


Initial 
yelooity. 


I 


Pounds. 
182 


FmL 

1,872 


PreMiire 

per  aduare 

inoh. 


Pounds. 
2»,&37 


Total 
energy. 


FootrUms. 
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Footrtons. 
297.5 


»,  simple  gans  of  much  less  weight  far  exceed  the  results  obtained  with  the 
barge  gun  so  far  as  it  has  been  experimented  with. 

)  compare  it  with  a  simple  gun  of  the  latest  type  approxiiuating  more  nearly 
I  weight,  we  have : 
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bese  guns  the  pressures  exceed  those  in  the  Lyman-Haskell  6-inch,  but  do  not 
I  those ''generally  considered  as  within  safe  limits.  -^"^ 

06,  as  to  the  first  point,  the  Board  would  report  that  it  is  fallacious  to  compare 
^h  gun  weighing  25  tons  with  6-inch  ^uns  weighing  3.9  tons,  and  as  far  as  ex- 
)nto  have  gone  the  Lyman-Haskell  6-inch  gun  is  greatly  inferior  to  those  sim- 
Ds  with  which  it  should  properly  be  compared. 

0  the  second  point,  it  is  thought  that  the  remarks  made  with  reference  to  the 
gun  would  apply  to  the  proposed  steel  8-inch  gun,  as  the  latter  would  weigh 
as  much  as  a  modern  12-inch  single-charge  steel  gun. 

othe  third  point  the  Board  would  report  that  it  has  no  sufficient  data  to  decide 

rbfltber  Atwood's  metal  is  suitable  xor  guns,  and  further,  that  it  is  not  consid- 

idicious  to  use  an  untried  metal  in  the  construction  of  large  guns. 

admitted  that  the  6-inch  gun  is  made  of  inferior  metal,  but  there  is  no  indica- 

lat  a  diminution  of  weight  or  an  increase  of  strength  would  permit  this  piece  to 

re  favorably  with  simple  guns  of  the  same  weight. 

objections  to  the  system  may  be  summed  up  as  follows :  A  much  longer  and  more 

ionable  length  of  gun  fer  the  same  caliber  than  the  single-charge  gun ;  the 

it^of  using  different  grades  of  powder  for  the  pockets,  thus  rendering  confusion 

cident  liable  in  action ;  the  much  greater  length  of  time  required  to  load  such 

;  the  irregular  exterior  surface  of  the  gun,  making  it  a  difficult  problem  to 

1  suitable  carriage  for  it ;  and  finally,  the  much  greater  cost  of  construction 
^  complicated  character  than  the  single-charge  gun. 

Board,  in  this  statement,  simply  presents  the  facts  in  the  case.  An  analysis  of 
!ord,  exhibiting  the  actual  performance  of  the  gun,  shows  its  work,  its  capacity 
ropnlsive  engine,  compared  with  other  guns,  oy  the  rules  now  recognized  as 
rds  among  military  men  throughout  the  world.  A  reference  to  this  analysis 
ow  the  gun's  status  accordingly. 

Board  bases  its  judgment  as  to  the  practicability  and  efficiency  of  these  guns 
upon  the  analysis  herewith  given,  and  finds  it  impossible  to  express  the 
1  that  it  is  advisable  to  recommend  an  appropriation  for  their  construction. 
Board  cannot  finish  this  report  without  giving  its  earnest  testimony  as  to  its 
in  the  sincere  integrity  of  Mr.  J.  R.  Haskell,  and  expressing  its  admiration  for 
trage  and  energy.  Believing  thoroughly  in  the  principle  of  his  invention,  he 
laided  by  the  Government,  wrecked  his  fortune  and  impoverished  himself  and 
in  his  efforts  to  provide  a  powerful  weapon  for  the  national  defense, 
tands  high  among  all  who  know  him,  and  no  higher  anywhere  than  with  the 
rs  of  this  Board,  who  have  for  years  watched  his  struggles,  under  adverse  cir- 
mces,  to*perfeot  his  invention. 

T.  G.  BAYLOR, 
Colonel  of  Ordnanoe,  President  of  ihe  Board. 

GEO.  W.  McKEE, 

M<nor  0/  OrdiuMiee. 

CHARLES  SHKIEB., 

Captain  oj  OrdnaiMe. 
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I 


o 


Baromeftw,  80.0M;  ther- 
inom6tar,73.5;  bamldi- 
ty.40. 


\ 


Barometar,  30.9M;  ih«r 
mometer,?!;  bcunldity, 
60. 


■] 


Buonwtor,  M.876:  tber-) 
mometor,  69;  hnmidity,  > 


Barometer,  80t.328;  ther 
mometfer,  86;  humidity, 
50. 


■■\ 


Barometer,  80.160;  ther- 
mometer 70;  humidity 

47. 


■■\ 


Barometer,  80.002;  ther 
mometw,  60 1  humidity 
70. 


•i 


2 


6 


Date. 


Sept   6 


Sept*  6 


SepL  6 


Sept.  0 


Sept.  0 


Sept  7 


Barometer,  80.288;  ther-) 
mometer,  08;  humidity,  >    7|  Sept.  18 


Powder. 


Kal2 


Kal6 


Kalff 


Kal6 


Kal5 


KalS 


Kal6 


! 


Kbl5 


Kcl9 


Kc20 


I 


! 


Kol6 


! 


0 


Prqjeotile. 


Kind. 


FormutHchurge 
gun. 


3  calibree  long 


8  calibree  kmg . . 


8  calibrea  long . 


8  calibrea  long 


8  oalibrea  long .. 


8oalibreolong.. 

AlUnd  at  Hook, 

8  oalibrea  long . . 


U 

• 


0 


Lte.M.  »'' 


108    8-S 


109    0 


108    0-1 


110  0-tt 


110  Oi 


^ 


no  0,- 


100  0  — 
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from  September  5  to  September  20,  1883. 


T 


«  per  aqiutfs  iBOh  of  boTAi 


I 


I 


Lb€, 


18,000 


*l8.000*18;OOO 


29^080 


t 

S 


Lbt. 


{ 


JUt. 


^(0et. 


{ 


{ 


1,109 
1,202 
1.205> 


C    1,2061 

<  1.208S 

<  1,210) 


C     1,341> 

<     l,34fiS0.70 

(     l.Moi 


1,604 
1,506 
1,508) 


Ft. 


0.27 


0.67 


1.04 


!.. 


42 


1,451 
1.455 
1.450) 


Wind,  strength 
aad  direotioB. 


(  From  reftr  and 
<  ri£ht  440.  26 
(    mUeii. 


(  From  rear  and 
riffht  440.  15 
muea. 


1 


(  From  rear  and 
ri|;fat  440,  8t 
mUea. 


i 


(  From  rear  and 
rlRht  440.  8 
mllea. 


(  From  ftont  and 
<  left  890,  10 
i    milee. 


\ 


C  From  rear  and 
riffht  440,  6 
muea. 


(From  front  and 

42  <     left    890,    20 

//    milea. 

*  Below. 


a 

§ 

S 

a 
s 


Special  remarks  about  eaoh 
fire,  SQoli  as  effect  on  niece, 
smind  of  projectile  in  flight, 
acatt«ring  of  f^agmeuta, 
etc. 


1 


Pocket  preesnre  plngi  re- 
moved before  firinK  and 
closed  irith  solid  pings. 
Block  unlocked  with  seme 
diffleolty  by  removing  han- 
dle and  pinion  and  hani- 
mering  lever  with  hand- 
spike. Oas  had  left  con- 
siderable traces  around 
obturator  and  had  worked 
along  thread  between  cop- 
pter  and  st««l  of  head,  sm- 
tinit  out  the  former  about 
^f  .of  an  inch,  the  cause  to 
some  extent  of  the  difB- 
calt3' in  opening  block.  To 
correct  thin  a  piece  of  sheet 
copper  was  fustened  by 
three  screws  to  the  face  of 
the  obturator  so  ss  to 
cover  the  joint  between 
the  steel  and  the  copper. 

Same  <]ifflcnlty  in  opening 
block  fts  before,  due  ap- 
parently to  same  cause,  the 
gas  having  passed  under 
the  sheet  copper  and  again 
followed  thread  between 
the  copper  and  steel  of 
beail.  A  prnjfcting  rim  of 
the  sheet  copper  wss  then 
removed  so  that  it  could 
lie  flat  against  face  of  the 
obturator. 

Gun  not  opened  at  once,  and 
then  only  with  slightly 
less  difficulty,  and  gas 
found  still  to  nave  insinu- 
ated itself  under  sheet  cop- 
per and  along  thread,  as 
before.  Before  firing  again 
betfing  surface  01  obtu- 
rator was  dressed  off. 
Fragment  of  gas  check 
thrown  at  the  discharge 
to  vicinity  of  bell  tower, 
about  fifty  yards  to  the 
right. 

Gun  not  opened  at  once,  and 
then  with  less  difficulty 
than  at  any  previous  round 
and  less  traoea  of  gas  about 
obturator.  No  escape  of 
gas  about  pocket  plugs, 
which  was  cleaned  off  and 
replaced  without  altera- 
tion. 

Block  opened  as  before,  but 
without  removing  pinion 
Mdd  with  more  ease.  Very 
large  escape  of  gas  around 
obturator  uid  around  the 
copper  ends  of  the  pocket 
plugs. 

Block  opened  as  in  previous 
round;  gas  eseape  at 
breech  less  than  at  any 
previous  round,  bat  con- 
siderable about  copper 
end  of  pocket  plug. 
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Seeord  of  firing  with  &'  miiKtekcrje  ^ii  at  8a»dji  Htcik,  S.  I, 


i 


^ 


Baromelar,  34.280;  tbar< 
BOBieter,  18 ;  humidity,  • 
•1.  ^ 


BftroDMtor,  30.326;  ther 
lB«iiiet«r,  SO;  bwaidity,  * 

75. 


•BavometoT,  30.075;  tber 
'mometer,  75;  hamidity 


■■\ 


8 
9 

Uo 

11 

12 


13 


Date. 


Sept.  18 
Sept.  18 
Sept.  10 
Sept  10 

Sept  10 


Sept  20 


Powder. 


A« 


& 


Eja4j     0 

KA14'  X018 


Xal4 


Xai4i 


Kali 


Kal4 


K0I8 


Koia 


Kel8 


8. 


Kcl8 


0 

Xdl5 
Kdl8 
Kdl7 

Edl7 


Kdl7 


M 
I 


0 
0 


Kel7 


Kel7 


t 


I 


Kgl7 


Pns^eetSIe. 


Kind. 


AUtiMi  ol  Mock. 
SeaUbenloag.. 

3  caliber*  kmg.. 

Soalibenlong.. 

Soalibenlong.. 


3  caUben  long 


0 ' 


loe  I-! 


8  caliben  long  .. 


106   O-SO) 


106    0!-3S 


b 
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m  Sepkw^ber  5  to  September  20,  1883 — Continaed. 


p«r  aqiiav*  inoh  of  bore. 


i 


J», 


700 


»|. 


}l  ».400 


! 


£te. 


M 


S 


Xte. 


'18,  MO 
22.300 
20,900 


20,7001  10.00020,200 


20,40010.40021,200 


! 


Xte. 


la 
I* 


1,168 
1,100; 
1,100 
1,514) 
1. 6U 
1, 514^ 
1,668 
1,558 
1,603 
1,55^ 
1,554 
Sn,602 


C     1,1681 

<    i.iooSa 

f     1. 100) 

{ 

I 


073) 

073V 

Loet) 


C|  1,7361 
rS  1.735) 


Ft, 

1.861 


L40 
L83 
L70 

2.07 


4.20 


Wind,  atnvigtk 
A&d  directton. 


From  front  And 
S    left    430,    18 


From  rear  and 
^    left   48*,    22 
miles. 


(  From  front  and 
<  left  880,  0 
(    mile*. 


I 


Special  remarka  about  each 
fire,  each  aa  effect  on  piece, 
aoond  of  projectile  in  mgkt, 
scattering  of  fragments, 
etc.,  etc. 


«5 


rWben  washed  oat  ^  --^ 
pocket  which 
nad  not  yet  been 
need  choked  at 
the  mouth  with 
powder  scale. 

'  Spring  in  pressure  plug  hold- 
ing disk  in  third  pocket 
broken  and  the  one  in  sec- 
ond pocket  ii^ored.  After 
this  round  firing  suspend- 
ed for  the  purpose  of  mak- 
ing repairs  and  alterations 
to  the  obturator  and  to  tiie 
pocket  plugs. 


^iis 


•Below. 


tKussle. 
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Becard  of  firing  with  6-indk  muUicharge  guM  at  8mi$ 


m 

I 


O 


BaMmetor,    30.681 ; 
ibermometer,  50: 
bnmidity,  62 ;    20^ 
bUm  an  boar. 


Barometer,    80.386; 
thermometer,  60; 
humidity.   76;  12' 
miles  an  nonr. 


Sarometer,  30. 276 ; 
theniiometer,  04; 
bamidity,  78;  ir 
miles  an  nonr. 


Barometer,  30. 311 ; 
thermometer,  40; 
bamidity.  100 ;  80 
ndlee  an  nonr 


Barometer,  80.114 ; 
thermometer.  47; 
bamidity,  77;  21 
miles  an  boar. 


Powder. 


Date. 


14 


16 


101 


17 


18 


1883. 
Oct  18 

Oct  18 
Oct  10 
Oct  10 


M 


PQ 


£a.  14  Kg.  18 


Ka.  14  Ke.  18 


14 


Kc  18 


Ka.  15  Ko.  20 


Oct  10  Ka.  10 


m  Oot  10 


Ka.  16 


Kd.  18 


20  Oot  28  Km.  16  Kca.l8  Kd.  18 


21 


Oct  24 


Km.  16 


Barometer,    80.006 ; 
thermometer,  40  ;4 
bamidity,  71;   28 
miles  an  hoar. 


22  Oct  24  Km.  15  Kb.  20 


23  Oot  24  Km.  15 


Kc.  20 


ca 


Kd.   17 


Kc.  18 


M 

I 

CO 


PrcjeetOs. 


Kind. 


Ke.  17  Kg.  17    3  calibers  long 


Kd.  18 


Ke.  18 


Kc.  18  Kd.  18 


Kc.  20  Kd.  20 


Ke.  18    3  calibers  long 


Kd.  20 


Ke.  20  Kg.  20 


Ke.  18 


Kb.  20  Koa.20 


2i'Oct24 


26  Oct  24 


26  Oct  24 


Km.  16 


Km.  15 


Km.  13 


Kca.20 


Kb.  20  Koa.20 


Kb.  20 


Kb.  20 


Kb   17  Kb.*  17 


Kb.  22 


Kb.  22 


Kg.  18  Kf.    18 


Ke.  18  Kg.  18 


Kd.  20 


tti.  0 


111,  •» 


8  calibers  long 


Ke.  20 


2  calibers  long. 


Ke.  20 


Kd.  20  Ke.  20 


Kca.22 


Kea.22 


Kca.2a 


Kca.17 


Kca.22 


Kca.22 


Kca.22 


Kca.17 


2  calibers  long. 


3  calibers  long . 


110 


HI 


n 


71 


•  ts 


IX 


•  x 


IX 


111  IS 


8  calibers  long . 


Ill,  I  IS 


3  calibers  long 


8  calibers  long . 


3  calibers  long 


3  calibers  long 


3  calibers  long 


4  calibers  long . 


112"»» 


iii'oi* 


iw:»* 


no 


111 


mm 
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Mi,  a:  J.,  fnm  October  18  to  Oeioher  26,  1883. 


nmic  per  square  inch 
of  bore. 


•  ;  • 

M   .  M 

M 


Lb9Lb9 
S 


• 
I 


i|§i§ 

H  1  «     K 


8 


8" 


l§!i 


• 

«j 

• 

« 

.M 

^ 

1 

1 

ee 

« 

6 

la 

M 
9 


Lbt  LbfLb§ 


s 


sf 


^ 


s 


M 


s 


e« 


I 


8"iS,8"    S 


a 


CO 


iSll 


I  14 


8' 


iC 


8 


a 


s 


i  §  I 

18', 8"  a- 


ff   sf 


^ 


15 


1 

8 

§ 

1 

• 
«l 

8' 

§ 

Ok 

M 


n 


8 


8 


S) 


5    2"    rf 


Inetni* 
mant«l 
veloc- 
ity. 


108'  3"  ' 

from   I 

muzzle., 


1.769* 
i.7«lS 
1.7«8> 


1.780 
1,732 
1,734 


\ 


1.7661 
1. 757  S 
1,768) 

2,048) 
2,06lS 
2.054J 


2.087) 
2.101S 
2,105) 


1.831 
1,882 
1.883 


\ 


FmL 

4.60 


4.07 


4.88 


4.62 


6.17 


1,788) 
It  791  \ 
1.793) 


1.812)1 
].818>l 
1.814) 


6.08 


1.778)1 
1.780  V 
1.782), 

1.806)1 
1.808S! 
1.811)1 


t'  116*  1 
I  ftom  I 
'masxle.! 


6.08 


5.08 


5.17 


y 


9 
I* 


I 


1.813) 
1.814  J 
1.816) 


1.801 
1,802 
1,802 


i 


1.449) 
1.449S 
1.449) 


6.04 


6.92 


4.71 


i 

>  s  < 


\ 

I 


% 

J 

■•a 

g 

.a 
.S 


l^-j 


«B2& 


1 

8    9    M 


1% 


Si' 
o  • 

I 


i 


Special  remarks  aboat  each  fire,  sneh 
as  effect  on  piece,  soand  of  projectile 
in  flight,  scattering  of  fragments, 
etc..  etc. 


i 


Before  firing  rovnd  14.  new  steel 
plugs  were  fitted  to  pockets,  and  a 
copper  bushing  1  inch  long  insert- 
ed in  front  of  rent  In  oonsequenoe 
of  a  detected  flaw  in  the  steel. 

After  round  16,  the  copper  stem  of 
plug  for  front  pocket  was  broken 
off  while  being  withdrawn  and 
was  replaced  by  a  steel  stem. 


At  round  17,  new  snd  thicker  cop- 
per  diso  attached  to  face  of  obtu- 
rator to  coTor  Joint,  a  thicker  one 
being  substituted  at  round  20. 

The  seats  for  copper  plugs  for  all 
the  pockets  wearing  away,  the 
bearings  of  the  plugs  were  im- 
paired, and  in  the  case  of  the  4th 
pocket  the  plug  was  somewhat  set 
out.  These  seats  had.  therefore, 
to  be  reamed  out  after  the  80tb 
round. 


The  following  is  the  record  of  iho 

Sowders  received  from  B.  L  Du  Pont 
e  Nemours  &  Co.,  for  use  in  this 
gun: 


Kb. 

Kc. 

Kd. 

Ke. 

Kf. 

Kg 

Km 


..1.786  ■p.gr.        67 

.1.760  sp.gr.      123 

..1.744  Bp.gr.  1.200 

.1.746  sp.gT.  7.176 


Hex. 
Sphere-hex. 


,.1.746  Bp.gr. 
.1.376  initial  velocity  \  „„.v^ 
.1.300  initial  velocity  5  »'"*•*• 


Kca 
Kda 


.1.790  Bp.gr. 
.LikeKa. 

.like  Kc  . 
.LikeKd. 


Kla. 
Kga 
KI.. 


.LikeKe.. 

.LikeKf. 
.Like  Kg. 
..Kifleiv..  1418. 


40    Hex. 

5  Through.  0."6. 
\  On,  0."6. 

Through,  0."8. 

On,  0."16. 

Through,  0."01fr 

On,  0."1. 
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Beoord  of  firing  wUh  6-iiicA  mMlHoharge  §tm  iU  Smii 


i 

"S 

• 

1 

Dftte. 

Powder. 

Pn^eotilft. 

• 

I 

fH 

t 

! 

I 

Kind. 

1 

1 
i 

1883. 

lAt 

0  f 

Bwometer,   tO.OW; 
thermoBMter.  51: 
hamiditT,    M;     1) 
mile  an  taonr. 

27 
28 

Oct  26 
Oct  25 

Km.  16 

Kd.  18 
Kb.  22 

Kb.  18 
Kca.20 

KoA.18 
Kd.  20 

B:oa.l8 
Ke.  20 

4  calibers  long . 
3  calibers  long. 

1» 
111 

HI 

1 
1 

29 

Oct  20 

Km.  14 

Kft.  20 

Km.  30 

Kb.  20 

^» 

4  calibers  long . 

155  1  «l 

Baiopi«ter,    20.9M; 
thenDometer,  83  r 
humidi^v.    80;    6) 
mllesin  hour. 

30 

Oct  24 

Km.  17 

Ka.  23 

Kb.  23 

Koab23 

Kd.  23 

3  calibers  long . 

1 

1 

113  1  «' 

1 

31 

Oct  28 

Km.  17 

Km.  23 

Km.  23 

Kft.  23 

KoA.23 

3  calibers  long . 

lU   1  • 
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•fe,  iV.  J.,  from  October  18  to  October  26,  1883— Continued. 


X 


wsnre  per  square  inch 
of  bore. 


c 

M 

o 

i 


O 


i-iXftf 


4a     I    «> 

04  :  0. 


•a 

M 

0 


I  Inatm- 
mental 
veloc- 
ity. 


116' 

from 

muEzle 


Lbi 

S 


c5  I  2 

S 

s 

99 


s 


13 


o 


n 


C9 


i  I  s 

C9         C< 


s 


I 


Feet. 

1,485 
1.486 
1,486 

1,863) 
1,8&1> 
1,865$ 


Special  remarks  abont  each 
fire,  such  as  effect  on 
piece,  soand  of  proJeotUe 
in  flight,  scattering  of 
fragments,  etc.,  etc. 


1  1,5541 

1,568S 

; 
6.50 ; 

j  1,562)1 

^^ 

1 

1 

•O 

1  1,923) 
1,924S 
1,925) 

1 

^ 

7.50  1 

\P\ 

«M 

1,760) 
(?)    5 

6.67 

a 

'Firing  oeased  in  order  to 
pro^de  new  steel  obtn* 
rator  and  loading  plngsf 
and  to  add  steel  bashings 
for  seats  for  tiie  latter. 


6191  ORD- 


16 
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t 
I 

I 

11 


I 

a 


s 


I 


82 


38 


Date. 


KoT.  22 


Not.  22 


Powder. 


17 
18 


! 


23 

K.  A. 

24 


4i 

I 


1§ 


K.  A. 
28 

K.  B. 
24 


Becord  of  firing  with  6-4neh  mulHtAargt  guR  ol 


K.  A. 
28 

K.B.A. 
24 


28 

K.  A. 
24 


PrqJeotUe. 


Kind. 


I 

e4 


■a 


Xfrf 


Prasiiie  per  iqure 
inch  of  bora. 


1^ 


o  '  Lba\Lb§ 


4i 

« 

M 

o 


\ 

e  I  M 


8  calibers  long 


2  oalibera  long 


111 


72 


80  < 


80 


S 


Lbi 


«  1  * 


r"* 


Lh 


gf 


:S 


a' 


§   § 


!J 


S 

r- 


Deo.  18, 1884. 
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i^  Booky  N.  J.,  pn  November  22, 1883. 


a 

a 


I 


imt. 


94 


4.50 


85 


aL76 


rs 

« 

II 


PrMsare    per 

Bqaare  incn  of 

bore. 


4 

o 


a 


;xb« 


o 

A 

9 
I 


I 


Xd« 


s 
if 


IJIt*\IA» 


S 


SpeoUl  remarks  about  each  flre,  each  as  effect  on  piece,  sound 
of  projectile  in  flight,  scatturing  of  frai^ments,  etc.,  etc. 


'The  following  lots  of  ponder  hare  been  received  for 
this  gnn  since  those  last  reported : 


.a 

i 

s 

a 

I 


Hexagonal 
Sphero-hex. 

Hexagonal 


Sphero-hex. 
Do. 


8p€e4  gravity. 
K  A.  B.         1.786 


Or. 

e? 

K.  B.  A.  1. 760  123 

K.O.B.  1.744  Through  0.6   on  0.3 

K  M.  A.  1. 700  .  40 

K.  P.  1. 770  Through  0.5  on  0.8 

K.  Q.  L  705  Through  0.6   on  0.4 

KB.  1. 700  123 

'K.  S.  1. 730  128 

K  D.  B.  L  740  Through  0.3   on  0.16 

E.  B.  B.  L  746  Through  0.15  on  0.1 


Before  firing  round  82  a  new  sted  obturator  made  of  a 
single  piece  was  substituted  for  that  previously  used, 
and  new  steel  plugs  for  loading-holes  were  snppllea 
with  pressure  piugs,  similar  to  those  at  the  pocKeta. 

The  plugs  for  pockets  and  loading-holes  were  perfectly 
clean  when  withdrawn  after  fli&g. 

After  rounds  32  and  33  gun  opened  by  hand  easily* 
Escane  of  gas  on  lower  nde  of  obturator  during  both 
rounas.  Alter  round  83  a  crack  was  found  in  steel 
tube  commencing  at  the  muzsle  and  extending  to 
within  13  inches  of  the  4th  or  forward  pocket.  (*)Ini* 
pressions  of  bore  acoom|»anylng  this  report. 


Appendix   2  1. 


TJilAL  OF  AN  S-INCH  MUZZLE-LOADING  RIFLE,  LINED  WITH  A  S 
TUBE  CONVERTED  FROM  A  lO-INCH  SMOOTH-BORE  RODMAN  GU 
THE  BOARD  FOR  TESTING  RIFLED  CANNONy  APPOINTED  UNDEh 
OF  JULY b,  1884. 

The  trial  of  this  gua  by  the  Ordnance  Board,  U.  S.  A.,  was  dir 
in  Ordnance  OflSce  letter  dated  May  17,  1884.    The  gun  was  t 
ferred  by  that  Board  to  the  ''Board  for  Testing  Rifled  Cannon, 
by  first  indorsement  of  July  31,  1884,  upon  the  same  letter.    The 
nance  Board  had  fired  the  piece  259  rounds  previous  to  the  transf 

This  gun  was  conrerted  from  a  10-inch  Rodman  smooth-bore 
113  W.  P.  F.)  by  lining  it  with  a  tube  made  from  Midvale  open-h< 
steel.    The  breech-cup  and  muzzle-collar  are  both  of  Midvale  steel, 
collar  was  not  annealed. 

THE  TUBE. 

This  was  made  from  a  solid  forging  1 26.75  inches  long,  and  14.5  ii 
in  diameter.    The  physical  properties*  of  the  metal  are  as  follows 

Tenacity  (mean  of  3  tangential  specimens) pounds  per  square  inch..  ' 

Elongation  after  ruptnre per  cent . .  ! 

Contraction  of  area do —  '< 

Elastic  limit pounds  per  square  inch.. 

THE  BREECH- CUP. 

This  was  made  from  a  solid  steel  cylinder  8.7  inches  long  and 
in  diameter.* 

THE  MUZZLE-COLLAB. 

This  was  made  from  a  hollow  cylinder  7.1  inches  in  length,  13.75  ii 
exterior,  and  11.22  inches  interior  diameter.* 

The  breech-cup  and  muzzle-collar  were  taken  from  the  same  ii 
The  former  was  annealed. 

The  physical  properties*  of  this  ingot  were  as  follows: 


Before  Afl 

annealing,   i   ansM 


Tenacity pounds  per  square  inch . . 

Elongation  after  rupture per  cent . . 

Contraction  of  area do 


77. 570  i  I 

13.6     i  J 

13.2  > 


The  tube  was  inserted  without  shrinkage,  a  play  of  0.005  inch  b; 
allowed  between  the  exterior  diameter  of  the  tube  and  the  interior  di 


*  Information  furnished  by  inspector  of  ordnance,  Boston,  Mass. 
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5ier  of  the  casing.    The  tube  is  secured  to  the  casing  by  the  muzzle-collar 
iud  secaringpin. 

RIFLING.* 

Mimberof  grooves 24 

kVidth  of  grooves inch . .  0. 6982 

>epth  of  grooves do . .  0. 065 

^Vidth  of  lands do..     0.349 

8adiu8  of  fillet- bottom  of  lands do..     0.075 

Lands  rounded  with  radius  of do. .     0. 01 

Twist  uniform,  one  turn  in feet . .  30 

VeDt  copper  bushed. 

A  gas-escape  is  bored  through  the  casing  at  the  rear  end  of  the  tube. 

PRINCIPAL.  DIMENSIONS.* 


r«Ul  leogt h  of  tnbe inohos . 

rhickn«Mat  bottom  of  steel  cap  do.. 

Dbmeter  floifthed  tube do.. 

Dimeter  bore  of  casing do.. 

CoRNpondiiig  play do.. 

tt*meter  t abe  o ver  neck do . . 

biterior  diameter  of  muzzle-oollar do . . 

ComtpoDding  play do  . 

Length  of  bore do.. 

Length  of  rifled  portion  of  bore do.. 

Juuaeter  of  bore  aoroaa  lands do . . 

^•tuic«  of  center  of  gravity  in  front  oi  axis  of  trnnnions do. . 

^eighl of  gun • pounds. 

ConntBT  preponderance do . . 


JS 

V 
o 

t 
04 


120 
2.75 
13 

18.005 
0.005 
11.5 
11.505 
0.005 
117.25 
101.75 
8 


C8 

5 


120.07 
2.75 
12.994 
12. 990 
0.006 
11.489 
11.493 
0.004 
117.23 
101.86 
8.014 
tl.87 
15,960 
537 


*  Information  furnished  by  inspector  of  ordnance,  IT.  S.  A.,  Boston,  Mass. 
t  Ordnance  Office  letter,  May  17, 1884. 

EXPERIMENTS. 

These  were  conducted  at  the  Ordnance  Proving  Grounds  at  Sandy 
Hook,  N.  J. 

PROJECTILES. 

The  Butler  8-inch  projectiles  were  used  throughout  the  tests,  since 
the 8inch  wrought-iron-lined  guns  heretofore  made  had  been  proved 
and  fired  with  these  projectiles. 

POWDERS. 

^  Font's  hexagonal  powders  E.  V.  L.,  E.  V.  H.,  E.  V.  K.,  B.  V.  M., 
p-*'^.,  density  1.750,  granulation  72;  Du  Pout's  sphero-hexagonal  L. 
S  density  1.815,  granulation  123,  and  K.  H.  C,  density  1.775,  granu- 
^«on  123,  were  used  for  the  firings. 


RESULTS  OF  FIRING. 


The  details  of  the  firing  will  be  found  in  the  firing  record  and  table 
in  ^y^^g^nients  appended  and  forming  part  of  this  report.  The  folio  w- 
^  Table  I  shows  the  pressures  and  velocities  obtained  with  the  difter- 
J^t  chargeg  and  kinds  of  powder,  together  with  the  different  weights  of 

I^^'ojectiles. 

Inibrmation  fariiisbed  hy  the  inspector  of  ordnance,  U.  S.  A..,  Boatow,  Uafe». 
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I. — Tablt  nhowing  pressures  and  velocities  obtained  with  S-inch  muzzle-loadimg  rife  So 

steel  tuhef  muzzle  insertion. 


» 

oe 

<^ 

, 

a 

9 

0 

^ 

2 

«M 

«N 

o 

o 

u 

u 

M 

B 

a 

p 

d 

^ 

^ 

Powder. 


Ii|nd3 

2  and  4 

5 
6 
7 
8  and  9  i 

lOtoU 

I 
15  to  19 

29 

39 

49 

59 

69 

79 

R9 

99 

109 

119 

129 

130 

131 

182and( 

134    S\ 

133 
185  and  ^ 
136    S 

137  to  ^ 
139    i 

140 


2 

2 

1 
1 
1 
2 


00 

-«  . 

..CM 

ft* 

•a 

& 

oe 

» 

_• 

d 

o 

d 


d 

9 


E.V.L. 

E.V.H. 

E.V.L. 
E.  V.  K. 
E.  V.  M. 
E.  V .  AL 

l£.  \  •  HL, 
E.  V.  N. 


2 
3 


E.V. 
E.V. 
E.V. 
E.V. 
E.V. 
E.V. 
E.V. 
E.V. 
E.V. 
E.V. 
E.V. 
E.V. 
,  E.V. 


L.C. 


M. 

M. 
M. 
M. 
M. 

H. 

N. 
N. 
N. 
N. 
N. 
M. 
M. 


141and> 
142    \ 

!    2 

1 

L.C. 

143 

1 

144 

1     1 

145 

i 

1 

p4& 
•a  - 

160 

1 

I         1^- 

180 

1 

f>  .M  CM 

200 

1 

«  a   - 

220 
240 

1 
1 

1 

d^^  d 

• 

260  to? 
269   I 

10 

1      •      ■ 

M  C  e1 

281 

1 

e;-g 

301 

1 

«ybt 

321 

l«-^ 

341 

r           .J? 

361 
381 

1 

401 

P<  o  >.  o' 

421 
441 

1 

l-^= 

461 

1 

Pounds. 
25 

25 

30 
30 
80 
35 

85 


35 

35 
85 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
40 

42 

42 
45 

43 


35 


RemarkB. 


Poiwids  Pounds. 
29.250 


35 


40 

42 
43 
45 


45 
45 
45 
45 
45 


180 

180 

181 
181 
181 
181 

182 

182 

183 
184 
183 
183 
181 
183 
182 
184 
183 
180 
182 
181 
181 


181 
181 

181 
181 


181 
181 


183 
18] 
183 
182 
180 


180 


35 

182 

35 

*178 

35 

182 

35 

181 

35 

183 

35 

181 

35 

180 

35 

18-2 

35 

184 

35 

180 

36. 250 

37,000 
40.500 
27,000 
29, 875 


Feet. 
1.257 

1,307  11 

1.335 
1,362 
1,286 
1,369 


Mean  pressure  and  velodtr. 

Mean    pr^sure 
and  velocity. 


29,400       1.370 


30.00((,    1,365 


(Mean   pressure 
I   and  velocity. 

^Mean    pressure 
i    and  velocity. 


29, 000 
26,000 
30,250 
34,000 
29,250 
30,750 
31,250 
29,  750 
29,  500 
31,500 
32,  750 
25,750 
29,250 

181  30, 000 


23,500 
33,625 

30. 417 
18, 100 


181  !  21,750 
181  !  29,400 


30, 300 
30,900 


26,40a 
27,100 
28,400 
32,  800 
27,600 


1,375 
1,354 
1,364 
1,386 
1,366 
1,362 
1.378 
1,363 
1.354 
1,370 
1.388 
1,309 
1,356 

1.395 

1,397 
1.448 

1,391 


Lost. 


1,252 

1,385 
1,389 
1,427 


max.  37, 500 
min.  35^009 


P- 
max.  30, 750 
min.  28,500 

P- 
max  30,730 

min.  27.500 


Mean  pressure  and  velocUy. 

i  (  Pressure  abnormal ;  disk  hsrd;  ] 
)     ably  30,000  ponnds. 
Mean  pressure  and  velocity. 

pean    pressure  5„«.32,«)0  : 

\    and  velocity.     (n,in.29.500  ! 

Du  Pont's  sphero-hexARonal 

dorLC. ;   density,  1.815;  g> 

lation,  123. 

{Moan   pressure  i  jl.^WO 

)    and  velocity.     )„in.2i,W0 


\ 


108'  4" 


1,352 
1,350 
1,376 
1,429 
1,388 


100 


31, 130     1,  380. 


2  S  Mean    pressure 
i    and  velocitv. 


max.34.J00 
min.  28.500 


30.  350 

30.  250 
31,950 
29, 100 
;iO,  750 
'26,  650 
L'9,  100 

30.  ft.'H) 

31.  000 
30,150 


1,370 
1,  309 
1,385 
1,  365 
1,376 
1,  325 
1, 370 
1,383 
1,399 
1, 392 
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ud  and  charges  of  powder,  number  of  rounds  fired  with  each, 

imum,  minimum,  and  mean  pressures  and  velocities,  are  given 

II. 

largements  of  bore  after  firing  500  rounds  are  given  in  Table  III. 

nsed  table  shoinng  kinds  and  charges  of  powder,  number  of  rounds  fired  with 
eachf  maximum f  minimum,  and  mean  pressures  and  velocities, 

RODMAN  GAUGE. 


Powder. 


Pressnre  per  sqoare       Initial  Telocity;  110  feet 
inch  or  bore.  i  from  muzzle. 


Kind. 


CV.L. 
C.V.H. 
CV.L. 
fi-V.K. 
5.V.M. 
S.  V.  N. 
C.  V.  M. 
S.  V.  M. 
S.V.  M. 
3.  V.  M. 
i.  V.  M. 
3.  V.  M. 


I 


Weight. 

Maxi. 
mum. 

Mini- 
mum. 

Pounds. 
29,000 
35,000 

Mean. 

FouThds. 
25 
25 
80 

Pounds. 
29,600 
37,500 

Pounds. 
29,250 
86,250 
37,000 

30 

40,500 
27,000 

30 

35 
35 
40 

32,750 
34,000 

27.500 
25,500 

30,500 
20,308 
29,250 

42 

*23,  500 

42 
43 
45 

30,250 
32,000 
33, 750 

29.750 
29.500 
33,500 

30, 000 
30. 417 
33,625 

Mavi- 
'  mam. 

Feet 

1,266 

1,313 

Mini- 
mum. 

Feet. 

1,247 

1,300 

^  , 

1,388 
1,386 

1,354 
1,309 

1,396 
1,398 
1,454 

1,393 
1,382 
1,441 

'Abnormal  disk  hard,  probably  30,000. 
CRUSHER  GAUGE. 


Mean. 


Feet. 

1,267 

1,307 

1,335 

1,362 

1,286 

1,367 

1,365 

1,356 

1,397 

1,395 

1.391 

1,448 


Remarks. 


Hexagonal. 
Do. 
Do. 
Do. 
Do.  • 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 


LH.C. 
J.V.M. 
5.V.M. 
E.V.M. 


85 
40 
35 
42 
43 
45 


I 


18, 100+ 

21, 750 

30,558 

29.400 

30,300 

28,867 

Lost. 

21,900 
34,400 

21,600 
28,500 

1,255 
1,408 

*  i,248 
1,325 

1,252 
1,378 
1.385 
1.389 
1,387 

32,800 

26,400 

1,429 

1,360 

Sphero-hexagonaL 

Do. 

Do. 
Hexagonal. 

Do. 

Do. 


Vable  showing  enlargement  of  bore  after  500  rounds,  a«  shown  by  Star  gauge. 


1 

4 

1 
1 

1 

»ter. 

4 

; 

§ 

J  1 

a 

a 

g 

• 

S 

a 

Remarks. 

1 

s 
1 

'•B 

Z 

a 

a 

Remarks. 

1 
1 

1 

1 

1 

^ 

5 

1 

^ 

m 

'      M 

o 

•«( 

» 

»J 

Inches. 

Inches. 

' 

Inches. 

Inches. 

Inches. 

22 

a  050 

-fO.028 

82 

a  021 

a  046 

+0.025 

22 

8.049 

.027 

81 

a  021 

a  044 

.023 

22 

8.049 

.027 

80 

a  021 

a  044 

.023 

87. 25  Inches. 

22' 

a  049 

.027 

78 

a  021 

a  038 

.017 

22 

8.048 

.026 

76 

a  021 

a  036 

.015 

22 

8.<H9 

.027 

74 

a  021 

aoM 

.013 

22 

8.049 

.027 

72 

a  021 

a  030 

.009 

22 

a  050 

.028 

70 

a  021 

a  028 

.007 

22  1 

22^ 

22 

a  053 

a  054 
a  054 

.031 

.032 
.032 

C  Maximum  about 
i     26  inches  from 
i    bottom  of  bore. 

68 
66 
64 
62 

ao2L 
a  020 
a  020 
a  020 

a  027 
a  025 
a  024 
a  023 

.006 
.005 
.004 
.003 

22 

ao5o 

.028 

60 

a  019 

a  023 

.004 

22 

a  051 

.029 

58 

a  019 

8.  023 

.004 

21 

a  050 

•     .029 

56 

a  018 

a  025 

.007 

21 

a  050 

.029 

54 

a  019 

a  024 

.005 

21 

a  050 

.029 

52 

a  019 

a  (123 

.004 

21 

a  048 

.027 

50 

a  019 

a  023 

.004 

21 

a  047 

.026 

48 

a  019 

a  021 

.002 

\ 

21 

a  047 

.026 

46 

a  018 

a  021 

.Wi 
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III. — Table  shaufing  enlargement  of  bore  after  500  nmndi^  ^*c. — Continaed. 


i 

fii 

1 

1 

• 

ta 

1 

• 

ft* 

. 

H 

0 

1 

4 

- 

0 

1 

ae 

s 

1 

1 

1 

'a 

s 

g 

s 

1 

i 

S               Kemarks. 

1 

a 

s 

1 

S 

0 

1 

ft 

1 

Inehet. 

• 

a 
1 

'BtmukM. 

Inehet. 

Inehet.  1  Inehet. 

Inehet. 

1 

Inehet., 

44 

8.018 

a  020   +0.002 

20 

a  016 

a  016 

-  .002 

42 

8.018 

a  020      .002  : 

18 

a  015 

a  016 

-1-  .001 

40 

8.018 

a  019      .001  i 

16 

a  on 

a  016 

.005 

38 

8.017 

a  019         .  002 

14 

a  012 

a  015 

.003 

36 

&017 

a  018 

.001 

12 

a  012 

a  015 

.003 

34 

8.016 

a  018 

.002 

10 

a  013 

a  014 

.001 

32 

8.016 

a  018 

.002 

8 

a  013 

a  014 

.001 

80 

a  016 

a  017 

.001  ' 

6 

a  013 

a  014 

.001 

28 

8.016 

a  017      .001 1 

4 

a  013 

a  014 

.001 

26 

a  016 

a  017      .001 ! 

i        2 

a  013 

a  014 

.001 

24 

a  016 

a  017  I    .001  ! 

'        1 

a  012 

a  013 

.001 

22 

a  016 

a  017  ,    .002  ; 

1 

REMARKS 

»• 

Using  the  Rodman  gauge  for  indicating  pressures  the  E.  Y.  L.  powder 
gave  moderate  presajires  but  low  velocities  j  the  E.  V.  H.  powder  gave 
high  pressures  and  rather  low  velocities  with  25pound  charges. 

With  30-ponnd  charges  E.  V.  L.  and  E.  V.  K.  gave  high  pressures, 
while  E.  V.  M.  gave  moderate  pressures  and  low  velocity. 

With  35-pound  charges  E.  V.  N.  and  E.  Y.  M .  gave  pressures  be- 
tween 25,500  pounds  and  34,000  pounds,  and  velocities  averaging  aboot 
1,365  feet. 

With  40  pounds  E.  Y.  M.  showed  no  advantage  over  35-ponnd  charge, 
judging  from  a  single  round. 

Forty-two  pounds  E.  Y.  M.  gave  30,000  pounds  pressure,  and  a  velocity 
of  1,395  feet ;  43  pounds  showed  a  little  higher  pressure  and  a  less 
velocity ;  and  45  pounds  exceeded  the  desired  limit  of  32,000  pounds, 
giving  over  33,000  pounds  pressure,  but  showed  an  increase  of  velocity. 
Taking  the  pressures  with  the  Crusher  gauge  the  L.  C.  sphero-hex- 
agonal  gave  very  low  pressures  and  velocities,  while  K.  H.  C.  sphero- 
hexagonal  with  35-pound  charges  gave  a  mean  velocity  of  1,378  feet, 
with  an  average  pressure  of  30,558  pounds  per  square  inch,  comparing 
favorably  with  45-pound  charges  of  E.  Y.  M.,  which  gave  an  average 
pressure  of  28,867  pounds. 

Thus,  35  pounds  of  K.  H.  C  sphero-hexagonal  has  about  the  same 
ballistic  power  as  45  pounds  of  E.  Y.  M.,  giving  about  the  same  veloc- 
ities, but  with  slightly  increased  pressures. 

At  the  end  of  the  320th  round,  the  copper  vent-bushing  was  removed 
and  a  new  one  inserted. 

The  gun  was  still  serviceable  after  firing  500  rounds. 

ENLARGEMENTS  OF  BORE. 

In  order  to  compare  the  enlargements  of  this  steel-tubed  gun  with 
those  of  the  same  caliber  lined  with  coiled  wrought-iron  tubes,  the  data 
of  the  following  muzzle-loading  guns  all  lined  with  coiled  wrought-iron 
tubes  were  available,*  viz: 

8-inch  rifle  No.  1  (experimental)  muzzle  insertion. 

'Information  in  regard  to  these  guns  was  furnished  by  the  records  of  the  Ordnwc* 
Board,  U.  8.  A. 
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SJDch  rifle  No.  5  (experimental)  muzzle  insertioD. 

8inch  rifle  No.  1,  breech  insertion. 

The  followlDg  Table  IV  shows  the  zones  of  maximum  enlargements 
for  each  of  the  four  guns.  The  records  are  taken  from  the  Star-gaug- 
ings  as  near  500  rounds  as  was  possible.  It  must  be  remembered  that 
these  enlargements  are  affected  by  the  greater  or  less  pUiy  between  the 
casing  and  tube.  The  Board  has  not  the  data  in  regard  to  the  play  at 
band,  except  in  the  case  of  the  gun  lined  with  the  Midvale  steel  tube, 
which  was  0.005  inch,  and  which  is,  at  least,  as  low  a  limit  as  can  be 
osed  in  manufacture.  This  table  of  comparisons  shows  that  the  max- 
imum enlargements  of  the  steel  tube  are  less  and  more  uniform  than  in 
either  of  the  two  wronght-iron  tubes,  muzzle  insertion,  and,  though  ex- 
ceeding those  of  the  breech-insertion  tube,  they  occur  more  uniformly: 

IV. — Comparative  table  of  maximum  enlargements  in  hores  of  S-inoh  converted  rifles. 


InebM  from  mnzsle. 

S-inch  rifle  No.  1 

(experimental), 

wrooght-iron 

tabe,  M.  I., 

after  513  rounds. 

8-inch  rifle  No.  5 

(experimental), 

wroaght-iron 

tube,  M.  I., 

after  509  roundfl. 

8-lnob  rifle  No.  1, 

wrought>iron 

tube,  B.  I., 

after  510  ronnds. 

8-incb  rifle  Na  1, 

Kidvale  steel 

tnbe,  M.  I., 

after  500  ronnds. 

M 

Inehet. 

0.037 
.040* 
.086 
.035 

Inches. 

0.022 

.024 

.024 

flan* 

Inches. 
0.019 
.020 
.024* 
.023 
.024* 
.024* 
.023 
.023 
.022 
.020 
.018 
.018 

Inches. 
0.027 

» 

M 

.027 
.028 

fa 

.031 

§2 

.037            1                 090 

.032* 

tl 

M 

» 

18 

m 

.039* 
.030 
.036 
.030 
.028 
.024 
.021 
• 

.028 

.027 

.043 

.048* 

.036 

.025 

.018 

.032* 

.028 

.029 

.029 

.029 

M ... 

.029 

« :   . 

.027 

, 

*Mazimu 
01 

m  eulargements. 
>rNION. 

This  gun  has  on  several  occasions  been  fired  at  the  rate  of  from  20  to 
30  rounds  an  hour.  On  one  day,  August  14,  as  shown  by  the  accom- 
panying firing  records,  80  rounds  were  fired,  in  two  series  of  40  rounds 
®ach^  at  the  rate  of  20  rounds  an  hour.  The  Board  is,  therefore,  of  the 
<)piDion  that  this  gun  has  endured  ^^  such  rapid  firing  as  a  like  gun 
^ould  be  likely  to  be  subjected  to  in  actual  battle,''  and  that  it  corn- 
Pares  favorably  with  8-inch  lined  guns  heretofore  made.  Therefore, 
the  Board  considers  it*  test  satisfactory. 

T.  G.  BAYLOR, 
Colonel  of  Ordnance,  President  of  the  Board, 

F.  H.  PARKER, 

Major  of  Ordnance. 
CHARLES  SHALER, 

Captain  of  Ordnance, 
D.  A.  LYLE, 

Captain  of  Ordnance, 

I  concur  in  the  above  report  and  opinion  of  the  Board  in  every  respect 
j^cept  that  which  relates  to  the  comparison  of  this  gun  with  8-inch 
'^^ed  guns  heretofore  made.  This  tube  has  done  well,  but  such  a  com- 
PWson  is  not,  in  my  opinion,  called  for  by  the  law,  or  germane  to  the 
^*itent  of  this  inquiry. 

GEO.  W.  McKEB, 

Major  o/  OrducMfice. 
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Appendix  22. 


lESS  REPORT  OF  TRIALS  OF  A  X^Z-INCH  STEEL  FIELD  GUN  BT 
BOARD  FOR  TESTING  RIFLED  CANNON,  APPOINTED  UNDER  THE 
OF  JULY  5,  1884. 

(1  plate.) 

$  gun  was  transferred  by  the  Ordnance  Board  to  the  Board  for 
g  Bifled  Cannon,  &c.,  Augast  1, 1S84,  after  it  had  been  fired  60 
a. 

a  description  of  the  gun  the  Board  would  refer  to  construction 
,  from  Watertown  Arsenal  and  to  Report  No.  25  of  the  Ordnance 
I  for  1884. 

'  following  summary  of  the  first  60  rounds,  giving  mean  pressure, 
ty,  &c.,  with  3^-pound  charges,  is  taken  from  Ordnance  Board  re- 
move referred  to : 


ftlooity. 


PreMnre. 


et. 
B5 


PoundM  9q.  inch. 
t20. 110 


Energy. 


Square  iuch 
Total.      !  of  cro88-Bec- 
I        tioD. 


Foct-ton». 
241.20 


Foot-tons. 
29.99 


Per  ponnd  of 
powder. 


Foot'tong. 
68.91 


Per  ponnd 

weight  of 

piece. 


Foot-poundt. 
681.83 


Per  cent, 
realized. 


78 


*Mean  of  18  rounds. 


f  Mean  of  25  rounds. 


36  coming  into  the  hands  of  this  Board  the  gun  has  been  fired  184 
8,  making  a  total  of  244  rounds. 

;he  184  rounds  156  were  fired  into  the  sand  butt,  2  were  fired  over 
for  exhibition  in  presence  of  Ordnance  Committee  of  Congress,  1 

sighting  shot  at  mile  target,  and  25  at  linch  mile  target  for 
acy. 

» target  was  20  by  40  feet,  made  of  spruce  boards  1  inch  thick^ 
\  hereto  appended. 

results  of  firing  for  accuracy  with  3.5pound  charges  of  I.  K.  D. 
jr  with  13-pound  projectiles  were  as  follows  for  25  roands  (75  to 
elusive) : 

Feet; 

'ertioal  deviation 3. 63 

lorizoDtal  deviation 2. 23 

leYiation 4.26 
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For  pressure  and  velocity  with  3.5pound  charges  and  13-poand pro- 
jectiles : 


Karober  of  rounds. 

Velocity  100  feet 
from  inazzle. 

1 

Presiure  per                           Remarks, 
square  inch.                                    -*~». 

1 

Mean  of  6  rounds 

1,605 
1.629 

27, 375            1  Fsinjc  Freyre  gas  check. 
29, 950             ;  Using  De  ^ange  gas  check. 

Do 

One  roniid  (201st)  was  fired  with  4.5  pounds  K.  V.  powder  (density 
1.755 ;  granulation  290),  giving  1,712  feet  velocity  and  33,500  pounds 
pressure;  one  round  (204th), fired  with  3.5  pounds  K.  V.  powder, gave 
1,518 feet  velocity  and  25,400  pounds  pressure.  Another  round  (202d), 
fired  with  3-5  pounds  I.  K.  D.  powder,  gav^  1,586  feet  velocity  and 
29,100  pounds  pressure. 

The  gun  was  star  gauged  after  the  5th,  9rh,  16th,  23d,  33d,  and  60th 
rounds  by  the  Ordnance  Board,  and  after  the  70th,  100th,  132d,  152d, 
200th,  and  244th  rounds  by  this  Board. 

After  the  100th  round  the  Freyre  gas  check  was  reseated  and  slightly 
modified,  from  which  time  it  acted  perfectly,  operating  easily  and  pre- 
venting all  escape  of  gas.  The  De  Bange  gas  check  prevented  the  escape 
of  gas  without  failure,  but  iroiii  imperfect  construction  did  not  operate 
easily. 

The  firing  records  to  include  the  244th  round,  and  the  table  of  enlarge- 
ments are  appended  hereto,  forming  part  of  this  report. 

The  3.2-inch  steel  gun  ha«  sustained  the  firing  to  the  present  time 
without  any  apparent  injury  or  deterioration  whatever. 

T.  G.  BAYLOR, 
Colonel  of  Ordnance^  President  of  the  Board, 

F.  H.  PARKER, 

Major  of  Ordnance, 
GEO.  W.  McKBE, 

Major  of  Ordnance, 
CHARLES  SHALEB, 

Captain  of  Ordnance. 
D.  A.  LYLB, 

Captain  of  Ordnance. 
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Table  showing  enlargement  of  bore  and  chamber  of  3.2-inch  breeeh-loading  rifle  (steel). 
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i 
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-S 

a 

^ 
^ 

•n 

.r^ 

-a 

•; 

o    • 

Inches. 

^ 

Inch. 

o 

P 

H 

]  Inches. 

, 

1 

Inches. '  Inches. 

Inch. 

70 

3.207 

3.215 

0.008 

\      35 

3.205       3.208 

0.003 

60 

3.207 

'    3.215 

.008 

34 

3.  205  .    3.  208 

.003 

66 

3.  207 

3.215 

.008 

33 

3.205 

a  208 

.003 

67 

3.  207 

:    3.214 

.007 

32 

3.205 

3.208 

.003 

66 

3.207 

;     3.214 

.007 

31 

3.204 

3.208 

.004 

65 

3.  207 

3.213 

.006 

30 

3.204 

3.208 

.004 

64 

3.  206 

3.213 

.007 

29 

3.204 

3.208 

.004 

63 

3.200 

:     3.212  i    .006 

28 

3.204 

a  208 

.004 

62 

3.206 

3.211  '    .005 

27 

3.  204       3.  208 

.004 

61 

3.2U6 

3.211  ;    .005 

26 

3.  204       3.  207 

.003 

60 

3.206 

3.211  t    .005 

25 

3.204  ,    3.207 

.003 

59 

3.205 

3.211 

.006 

24 

3.  203       3.  207 

.004 

58  : 

3.205 

3.211 

.UOC 

1      23 

3.  203       3.  207 

.004 

57 

3.205 

3.  210       .  005 

22 

3.203  1    3.207 

.004 

56 

&205 

3.  210       .  005 

21 

3.  204       3.  206 

.002 

55 

3.205 

<    3.210 

.005 

20 

3.204       3.206 

.002 

54 

3.205 

3.209 

.004 

19 

3.204       3.206 

.002 

53 

3.205 

3.210 

.005 

1      18 

3.204       a  206 

.002 

52 

3.205 

3. 209       .004 

17 

3.  2«)4       3.  206 

.002 

51  ! 

3.205 

3.  209       .  004 

■       18 

3. -205       3.  206 

.001 

50  ■ 

3.205 

3.  210       .  005 

1       15 

3.205       3.206 

.001 

49  1 

3.205 

3  210       .005 

14 

3. 205       8.  206 

.001 

48  : 

3.205 

3.209       .004 

18 

3. 205       3.  206 

.001 

47 

3.205 

:i.209  ;    .004 

1       12 

8. 205       8. 206 

.001 

46  1 

3.205 

3.  209       .  004 

11 

3. 205       3.  206 

.001 

45 

8.205 

3.209       .004 

10 

3.205       8.206 

.001 

44 

8.205 

3.209  ;     .004 

!|        9 

3.205  i    3.207 

.002 

^  1 

3.205 

3. 209       .004 

8 

8. 205       3. 207 

.002 

42  ! 

8.205 

3.209  i    .004 

'^' 

8. 205       8. 207 

.002 

41 

3.205 

3.209  i     .004 

i'        6 

8.207  '    3.208 

.001 

40  ! 

3.205 

3.209  ;    .004 

5 

8. 207       8. 208 

.001 

39 

8.205 

3.209  i     .004 

i<        4 

3. 208       3. 208 

.000 

88 

3.205 

2.209  ;    .004 

[,        3 

8.208 

a  208 

.000 

87 

8.205 

a209  ,    .004 

li        2 

8.207 

a  208 

.001 

86 

8.205 

3.209  !    .004 

! 

I'        ' 

3.207 

a  208 

.001 

1 

powi)ee 

CHAM 

BER. 

i  \  "• 

S 

1        s 

u 

s 

w 

S. 

• 

a 

S 

"■S 

1 

1 

'S 

^   P 

1 

a 

§ 

? 

1    1 

• 

Inches. 

5 

& 

> 

Inch. 

11.2 

8.768 

8.772 

0.004 

13.2 

3.81 

3.814 

.004 

15.2       3.755 

8.726 

—.029 
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REPORT  OF  THE  CHIEF  OF  ORDNANCE. 


Record  of  firing  with  3.2-inoA  hreech-loading  rifie  {Bted) 


BArom6ter,30.028 ; 
thermometer, 
70.8;  humidity, 
66. 


Barometer,30.258; 
thermometer,^ 
71;hiimidity,72. 


B»rometer,80.041 ; 
thermometer,, 
86.4;  hamidity,^ 


8.00; 

8.08 

i 

1 

8.83 

o 

s 

&25 

&25 

a 

1 
&50 

1 

8.60 

8.83 

1 

■> 
m 

t 

a25 

8.25 
&8S 

&10. 

. 

i 
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mtSatidy  Hook,  K  J. ,  front  August  1  to  October  %  1B84. 


remarks  aboat  eftoh  fire,  sach  aa  e^ect  on  piece,  sound  of  projectile  in  fli^bt,  scattering  of 

fragments,  etcJ,  etc. 


Hew  «teel  obturator  and  ring  put  in  before  round  61. 

,  Gun  opened  easily. 

Sligbt  eatape  of  gas. 


Fired  into  aand  butt. 


'  Ko  escape  of  gas. 


Gun  opeued  less  easily. 
Gun  opened  easil3'. 
Gun  opened  less  easilyi 


>  Gun  opened  easily. 


Gun    closed    easily    during 
I     tbt'sv  rounds  and  seemed  to 
'     open  more  caaUy  as  the  flr> 
ing  progressed. 


Fired  into  aand  butt 


orer  water.     (Time  of  flight,  12^  seconds.)    Good  flight. 
Fired  over  water.     (Time  of  flight,  13  seconds.)      Good  flight. 


Fired  for  exhibition  in  presence  of 
the  Ordnance  Committee.  Ko  ea* 
cape  of  gas.  Opened  and  cloeed 
easily. 


Fired  at  mile  target    Sighting  shot    Good  flight 


Distance  from  ceuter  of  target, 
in  feet 


Vertical. 


Above.'  Below.    Kight 

; 



&00 

0.50    

4.00 
0.75 


7.00 
4.00 


8.00 


2.00 
6.00 
5l75 


0.60 
0.75 
LSO 


Horizontal. 


Left. 

4.50 
4.50 
4.75 
6.00 
6.00 
7.00 
6.00 
6.25 
7.50 
8.25 
8.00 
8.00 
8.25 


Distance  from  center  of  impact, 
in  feet 


Vertical. 


Above. 

Below. 

1.49 

9.99 



6.01 

5.99 

2.74 

0.01 

4.01 

Horizontal. 


Left. 


8.99 
5.99 
1.49 
L24 
0.49 


3.76 


2.78 
2.78 
2.53 
1.28 
1.28 
0.28 
L28 
1.03 


0.22 
0.97 
0.72 
0.72 
0.07 


Is? 

R    ®    in 

b  o  S 


> 


a  s  «  o 

Kli 


^  Good  flight 
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REPORT  OF  THE  CHIEF  OF  ORDNANCE. 


Record  of  firing  tciih  3.2-tfic^  breech-loading  rifie  (sted 


en 

(it 

^, 

S  ' 

p 


Powder. 


Projectile. 


Time. 


Kind. 


Barometer,  80.041 ; 
thermometer,  < 
86.4;  hamidity, 
49. 


1884. 
88  Aug.  15i  ] 


89  Aug.  15 

90  Auc  15 
I 

91  Aug.  15 


92 
93 


Aug.  15 
Ang.  15 
94' Aug.*  15 
95;  Aug.  15 

96  Aug.  15 

■    I 

97  Aug.  15 

98  Aug.  15 

I 

99  Aug.  15 


llOO 


J 


Barometer,29.899 
thermometer,^ 
80.2;  humidity,  | 


44. 


I 


Ang.  15 


Barometer,  29.827; 
thermometer,  < 
77.8;  hamidity, 
08. 


lOljSept 
102  Sept. 

lOSjSept. 

104  Sept. 

105  Sept. 
lOOjSept. 
107jSept 

108  Sept. 

109  Sept. 

110  Sept. 

111  Sept. 

! 

112  Sept. 


1«! 
16 

17 
17 
17 
17 
17 
17 
17 
17 
17 
17  J 


s 

a 

o 

a 

■a 

12 


OB 

a 


a 
o 

0 


Wgt 


.  si  u 
I©  o- 
Pk  o, 


3  8 

•     i 
3   8 


Kind. 


3  8, 
3    8 

3^8' 


8 

i 

8! 

I 

I 
8' 


31  8 

I 
3   8 

i 

8 


8 


3'  8 

3' 8 

I 
i 

I 

3  — 
8 
8 
8 
8 
8 
8 


.-4 

> 

9 


9 

a  S 

a 
^« 

-I 

3 

a 
« 

a 


« 
P« 

M 

a 


3 
3 
8 
8 
3 
'  3 
3 
4 
3 


8 

8 

I 
8 


& 


Is 


••s 


•2^ 


a' 

o 

•a 

I 


Wgt 


IP 

}25 


13.. 
13.. 

|13.. 
13.. 
13 
13 

;I3|.  ^ 

13..: 

13.. 


13 

i 
13 


>      35 


13 

13 
13 


B 
O 


So 
S  a 


►  8 

S  s 


C 


o  '    Irbt.     FeeU  Feet  1 
2  25 i i  &60  ^ 


2  25 
2  25 
2  25 
2  25 
2  25 
2  25 
2  25' 


a  16 
;  9.00 
:  8.67 

9.50 

aso 

\  9.00 
:  9.00 


2  25 I  9.00 


2  25 
2  25 
2  25 


>       ^ 


1 

1 

1 
IS.. 

13,.. 

1 

13.. 

1 

-i 


13: 
13 

is;..'— 4 

13|..'-4 
I     1 

;i3'..i-4 

13 

l!l8..-i 


9.oo; 
&5o: 

&83 


0       29,950   1,618  8.75 


9.50 

■ 

23.00 


-a 

B 

tt 
s  o 


8 


O 


a 


S 
£ 

ft* 


< 


aso 

L 
8.50 

9.50 

9.50 

9.75* 

0.75 

9l60 

9.00 

9l2S; 

9.25 


Ills. 


a 
4 


I 

1 


o 
§ 

! 

e 


!i 
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t  Sandjf  Hook,  N,  J.,  from  August  1  to  October  2,  1H84 — Conticut^d. 


E>lstaiic«  from  center  of  target,  '  Distance  from  center  of  impact, 
in  feet.  I  in  feet 


Vertical. 


Horizontal. 


Vertical. 


Horizontal. 


A.bo've.l  Below.  \  Right. 


Left.   1  Above.:  Below.  I  Rijcht. 


Special  remarks  abont  each  fire, 
sacb  08  effect  ou  piece,  sound  of 
projectile  in  flight,  scattering  of 
fragments,  etc.,  etc. 


Left. 


Good  flight. 


M.75i.25==L99  I    182-i-25»7. 28 


90. 76-i-25->».  63  >  55. 72i-25«2. 23 


Mean  vertical  deviation  from  cen- 
ter of  impact,  3'.  63. 

Mean  horizontal  deviation  from 
center  of  impact,  2'.23. 

Mean  deviation  from  center  of  im- 
pact, 4'.26. 


Fired  into  butt.    Onn  washed  out,  examined,  star  ganged  after  70th  and  100th  rounds. 


I 

0     Brskes  not  on. 

h 

.a 

a 

s*» 

*i 

H 

si 


'! 


^  Fired  to  prove  gas  check,  which  had  been  reseated  by  Mr.  AUen,  tt6m  Wa- 
tertown  Arsenal. 
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REPORT  OF  THE  CHIEF  OF  ORDNANCE. 


Becord  of  firing  roith  3.2-tfioA  hreeck-loading  rifle  {tfed) 


Powder. 


Wgt 


^  I  Time. 

o  I 

**  \ 


Kind. 


P.  M.  Barometer, 
30.071;  ther- 
mometer, 07; 
hnmidity,  84. 


I  1884. 

118  Sept.  231) 

1      ■ 

114  Sept.  23 

i 

115  Sept.  23 
I 

IIG  Sept.  23 

117  Sept.  23 

118  Sept  23 
llo'Sept.  23 

120  Sept.  23 

I 

121  Sept  23 
i 

122  Sept  23 

123  Sept  23 

124  Sept  23 

125  Sept  23 

126  Sept  23 

127  Sept  23 

128  S<'pt  23 

129  Sept.  23 


A.  M.  Barometer, 
30.165;  ther- 
mometer, 68.1 ; 
humidity,  88. 


130 


Sept.  23; 


131  Sept  23 

I 

182|Sept  23! 

I  I 

133 1  Sept.  24 

134:Sept  24 

I  : 

135,Sept  24 

136  Sept.  24| 

137  Sept  24 

138  Sept  24 

ISoiSept  24! 

I      I  I 

1 140  Sept.  24i 

i      I  I 

141  Sept  24 
III 

142  Sept  24 

143  Sept  24' 
144jSept.  24 

145  Sept  24 

146  Sept.  24 
147, Sept  24 

.  148'Sopt.  24  3 


a 

I 

"3 


3 


M 


a 

o 

o 


06 

ib'9 
:PkO 


3'  8 
1  3   8 

I   : 

I  3;  8 
3 
3 
3 


;  3  8 

3:  8 

■     I 

3|  8 

!     I  ! 

3  8, 

I     I  I 

3,  8; 

'    "  ! 

38' 

3'  a 

3  8' 


8 

I 
8 


3  8 

!     1 

3i  8 

3'  8' 

3  8 

3  8; 

S:  8 

3  8 

3'  8! 

I     I 

3  8 

I     ' 

3  8 

I  3  8 

I  3;  8 

■3J8 

:  3  8 
>  3 
3 

V ,  i  ft.  J 


Projectile. 


2 


'  a 


,Wgt' 


Kind. 


I 

a 
« 

I 
1 

.a 
5) 


CO 
CO 

e 


i 


•2 

3 

S 
a 
t 

M 

« 

a 
cs 


(2 


,A.Ol     W 


0)  9    : 

at 


I 

! 

13 
13 
13 
13 
13 
13 
13  .. 
13  .  ' 


1     °' 

■-i 
•'-4 

I 


I 


13 

,13 

'13 

1 

•13 

13 

I 

13 
!13 

:13 

|l3 
|13 
13 
13 


-i 


13 

,^': 

13 

I     I 

I 
13 

13 

13 
I 

13. 
i 

13. 


.^-4 


13 


.  H 


13.  '-4 


13 
13 
13 


-4 


'  Lb9.    Feet.  Feet. 
;27,100    1,608   9.  SO 

i 9.50 


10.00 
9.50 
9.25 

I  9.25 
9.50 
9.00 

10  00 

i 
10.00 

'  9.25 

10.00 

9.25 

9.00 

9.25 

:  9.50 

I  9.25 

9.50 

9.25 

9.50  j 


13..!— i       26,300   1,598   9.50 


.U i 


.  9.25 

10. 00; 

9.25 

i 

9.33 
9.25 

i 

9.42; 
9.25 


9.50' 

► 

9.25; 

9.50 

9.00 

9l50 

9.50 

9.33, 

1  9.50. 

6 
C 

9  9 


^ 


{S 

o 
.a 

i 
J 

H 
o" 

Go 


o 


2 


9 
9 

a 


o 

ec 

3 

! 

E 

I 


ft 
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t  Sandjf  Hook,  N.  J,,  from  August  1  to  October  2,  1884 — Continued. 


remarks  about  each  fire,  such  m  effect  on  piece,  socnd  of  projectile  in  flight,  scattering  of 

fragments,  etc.,  cto. 


red  into  aand  butt     Gnn  doted  and  opened  easily,  with  no  escape  of  gas. 
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REPORT  OF  THE  CHIEF  OF  ORDNANCE. 


Record  of  firing  toith  3.2-mei^  breeck-londing  rifie  (fteisOi 


Powder. 


o 
« 

a 


Time. 


Kind. 


A.  M.— Barometer, 
30.165;  tliermom-4 
eter,  08.1;  humid 
Ity,  88. 


A.  IL^Barometer 
30.129;  thermom- 
eter, 80.8;  humid- 
ity, 60. 


!       I     xgg4, 

149  Sept.  24 

150  Sept.  24 
151 1  Sept.  24 
152  Sept.  24 
153|Sept.  24 
|154  Sept.  24 

155  Sept.  24 

156  Sept.  24 
157|Sept.  24 
158'sept.  24 
150  Sept.  24 
160;  Sept.  24 
10]  Sept  24 
;  1621  Sept.  24 

I     ! 

lOSSept.  24 
104*Sept.  24 
105:  Sept.  24 

166  Sept.  24 

167  Sept  24 

168  Sept.  24 

169  Sept.  24 


P.M. — Barometer, 
30.096;  thermom- 
eter, 77.4  ;  humid-  ^ 
ity,  68. 


170 
171 
172 


Sept.  24 
Sept.  24 
Sept.  24 


173  Sept.  24 


174 
176 


^pt.  24 
Sept.  24 


176  Sept.  24 

177  Sept  24 
178:Sept  24 
179|Sept  24 

180  Sept  24 

181  Sept  24 

182  Sept.  24 

183  Sept.  24 

184  Sept.  24^ 


■»■» 


'3 

a 

9 


A 


§ 


WfCt 


Projectile. 


3    g 


V 

i  8 

I 

3  8 

3:  8' 

sj  8 

3'  8 


3!  8 


Kind. 


3 

8 

3 

8 

3 

8 

3 

8 

3 

8 

3 
3 


3   8 

I 

3  8 

3 

3 


9 

a 

I 

•s 

9 

> 


3  8 
3 
3 
3 


8 

3'  8 


in 


« 


V 


CO 


9 

"to 

3 

a 

9 

B 
t 

9 

Pi 

H 

9 

a 

i 


) 


3  8 
3 
3 
3 


Wgt 


a 
o 


M:|| 

a 


^ 


p 

S  a 


i  Ph 


\ 


3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

3 

i 

3!. 
31. 
3 


V\Vi^ .  .^• 


o   t 

hi 


-4 


Lbt. 


IS 


jP«et 


•o 

6 

m 
m  *^ 

•a 

a 


^ 


9.33 


9.25 
9.33 
0.33^J 
25,400.  1,588;  9.00 

aoo 

0  0« 
9.42 
9.16 
9.50 


> 


S 


-4 


I  9.00 

t 

I  9.16 
I  9.16 
'  9.33 
,;  9.00 
I  9.33 
i  9.16 
I  9.00 

j  9.50 

i  ' 

9l33, 

d.50j 

9.33< 

1 
9.33 

i 
9.33  J 

9.00|> 

i  1 

•  9.33 

110. 00 

I 

I  9.50 


I 


9.67 
9.25 
9.00 
9.75 

9.25 

i 

10.00| 

9.75I 

I 

9.25 


^® 


a 

o 

a 


a 


I 


•& 


a 

a 

o 


i 


a 
o 

M 

a 

i 

I 


«» 

•c 

3 
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at  Sandy  Hook,  X.  J.,  from  August  1  to  October  2,  1884— Continued. 


Special  remarkB  about  each  fire,  euch  as  effect  on  piece,  sound  of  projectile  in  flight,  scattering  oi 

fragments,  etc.,  etc. 


^  Fired  into  sand-bntt.    Gun  closed  and  opened  easily,  with  no  escape  of  gaa. 

I 

Gnu  washed  out,  examined,  and  star-ganged  alter  182d  and  152d  rounds. 


I 
I 


I 

1^ 


G-an  clo«4»d  and  opened  easily ;  no  escape  of  gas. 


I 
I 
I 
1 

I 
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REPORT  OF  THE  CHIEF  OF  ORDNANCE. 


Record  of  firing  with  3.2-incA  breech- loading  rifle  («leef 


P.  M.— 'Barometer, 
80.096 ;  thermom-  . 
eter,  77.4;  humid-'' 
ity.68. 


Powdex. 


Projectile. 


£! 

*•     Time. 

b 

u 

.a 


Kind. 


Wgt 


£  * 


s 

3 
C 


P.  H.— Barometer 
80.888;  thermom- 
eter, 88.4;  bnmid'^ 

ity.se. 


Barometer,  80.173; 
thermometer,  < 
68.7;    humidity, 
68. 


r 


1884.    I 

185  Sept.  24 

1 

186  Sept.  24 

187  Sept.  24 
I 

188  Sept.  24 

180  Sept.  24 

190  Sept.  24 

191  Sept.  24 

192  Sept.  24 

193  Sept.  24 

I  I 

194  Sept.  24 

I  '■ 

195  Sept.  24 

I 

196  Sept.  24 

197  Sept.  24 

198  Sept.  24 


199 
200 


Sept.  24 
Sept.  24 


201 


Sept.  26 


202 


203 


Sept.  27 


Sept.  27 


204  Sept  27 


cs 
p 

i 


00 

p 


0 

& 

0 
P 


Kind. 


Q 
0 
O    - 


8  1 


3   8 

I     , 
3   « 

3-  8 

s'si 
3;  8 

1 

3   8 

3   8! 

3   8 

i 
3,  8 

3|  ^ 

3'  8 


\> 


p5o 


J    S 


8 
8 
3   8 


3   8 

I 


s 

CD 
.^« 

'a 

"2 

•8  0 

pa 

^^ 

M 

« 

0 

SB 

.a 


2S 


Wgt 


c 

0 


1  s^ 

■  1?  • 

» 

.2  •• 

*  5 

I 

1 

1    u^ 

1  "^ 

•'S  e 

i  ^i 

^1 

• 

s 

'4 

1    c  o 

rumen 
feetfr 

_• 

9 

:  S.0 

■^ 

•c 

1 

1  £  0 
1 

Inst 
100 

13!..  _ J 

1    ' 
13.    __i 


V. 


I 


13 

13'. 

i 

13. 

I 

13  . 

I 
13 

•  13. 

13. 

13. 

!l3. 

I     I 
13!. 

I 
18. 

13. 

I 

13;. 


206 
206 


Sept.  80 
Sept.  30 


K.V 


1 


P.  H.^Barometer, 
80.152;  thermom- 
eter, 70.4;  humid- ^ 
ity,74. 


207  Sept  30 
i 

208  Sapt.  30 

209  Sept  30 

I 

210  Sept  30 

211  Sept  30 
213|Sept  80 

213  Sept  80 
I 

214  Sept  30 


t^ 


0 

Nil 

I 


& 


3   4 

I 

I 


3  8 
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Mooh,  K,  J, f  from  August  1  to  October  2,  1684 — Continued. 


alwat  each  Are,  saoli  m  effect  on  pieoe,  aonnd  of  projectile  Ib  flifC^t,  ecstteilllt  ef 

fragmentB,  etc,  etc. 
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i 
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Gnu  oloeed  and  opened  easily ;  no  eicape  of  gas. 


Gnn  Iter  ganged  after  200th  xoond. 


^De  Baage  gaa-cheok.  Cloeed  and  opened  easily  with  no  escape  of  gas,  excepting  ronnd  204, 
gnn  opened  little  hard. 


1 

I 

Mi 


Cloaed  sad  opened  easily ;  no  escape  of  gas. 

Bo. 
Gon  closed  easily  but  opened  a  little  hard ;  no  escape  of  gas. 
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Record  of  firing  with  3.2-inoA  hreeek-loading  rifie  («f( 


S 


I 


Time. 


1884. 
215|Sept.  30 

216  Sept.  30 


P.H.  —Barometer, 
10.152 :  thermom- . 
•ter,  70.4;  humid* 
»J.  74. 


P.IC— Barometer, ' 
to.  147;  thermom 
eAer,  80.3;  humid 
ity,  00. 


217 
218 
210 
220 
221 
222 
223 
224 
225 
226 
227 
228 
229 
230 
231 
232 
233 


P.H.— Barometer, 
tD.329 ;  thermom- . 
eter,66.1;hnmid*'' 
itj,  W. 


234 

235 
236 
237 
238 
230 
240 
241 
242 
243 
244 


Sept.  30 
Sept  30 
Sept.  30 
Sept  30 
Sept  30 
Sept.  30 
Sept  30 
Sept  30 
Sept  30 
Sept  30 
Sept  30 
Sept  30 
Sept  30 
Sept  80 
Sept  30 
Sept.  30 
Sept.  30 


Oct      1 


Oct 

Oct 

Oct 

Oct 

Oct 

Oct 

Oct 

Oct 

Oct     2 

Oct     2 


2 
2 
2 
2 
2 
2 
2 
2 


Powder. 
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i 

9 

■•a 

a 

o 

I 


s 


g 

A 


\ 

o 

tC 

fit 

I 


%< 


WKt 


13 

13 
13 
13 
13 
13 
13 
13 
13 
13 
13 


§ 


d  ►^ 
S  '^  E 

I  Si 


o  / 


-4 


-I 
-I 


Lba. 


«  P 

►a 

11 
is 

M 


jP«et   Fe«f 
112.50 


00| 
00* 


15.00 

15l 

L&OO 

14.00 

14.00 

ISlOO 

i&ool 

14.00 
12.00 
12.00 
11. 00 
12.00 
10.75 
11. 00 
ILOO 
10.75 
10.75 
10.75 


5 

o 

3 
J 

1 


a 

o 


40.00 

l&SO 
9.75 
12.25 
12.90' 
12.67 
12.50 
10.67 
1L60 
10l50 
12.50 


•d  "0 

IK 
if' 

S 
t 
a 

i, 

« 

9 
f 


REPORT  OF  THE  CHIEF  OF  ORDNANCE. 


291 


ook,  N  J.y  from  Auguat  1  to  Ootober  21, 1884— Oontinned. 


larks  aboat  each  fire,  snoh  as  effect  on  piece,  eonnd  of  prqJeotUe  in  flight,  scattering  of 

fragments,  etc.,  eta 


an  trail  chest  broke  off. 


n  of  right  oheek  of  carriage  broken  and  right  cheek  commencing  to  bncUe  at  middle 
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Appendix  22— 18M. 


Appendix   23. 


OFH.  F,  MA  NIPS  ^INCH  BREECHLOADINQ  RIFLED  CANNON,  BT 
BOARD  FOR  TESTING  RIFLED  CANNON,  APPOINTED  UNDER  ACT 
ULYb,  1884. 

(5  plates.) 

I  rifle  was  transferred  to  the  Board  for  testing  by  Ordnance  Office 
of  July  31,  1884. 

detailed  description  and  dimensions  of  the  gun  the  Board  would 
x>  the  construction  and  inspection  reports  made  by  the  inspector 
Inance,  17.  S.  A.,  at  Boston,  Mass. 

gun  is  converted  from  a  10-inch  Rodman  smooth-bore  gun  by 
with  a  steel  tube  and  shrinking  on  a  steel  jacket.  The  breech 
inism  consists  essentially  of  a  cast-iron  breech-block,  held  in  posi- 
ly  a  transom,  breech-screw,  and  side  straps,  for  transmitting  the 
ire  to  the  trunnions.  The  tube,  jacket,  breech-screw,  transom, 
de  straps  are  all  of  Whitworth  steel, 
rawing  of  the  gun  is  given  in  Plate  I. 

»  photographs  are  inclosed  with  the  report,  one  giving  a  view  of 
ann  gun  just  after  rupture,  and  the  other  a  view  of  the  fractured 

OABBIAaE. 

carriage  needs  no  special  mention,  as  it  was^originally  a  15iDch 
irriage  altered  for  the  multicharge  gun,  and  later  adapted  for  use 
he  6.5-inch  Mann  breech-loading  rile. 

PROJECTILES. 

se  were  made  under  contract  with  the  department  at  Pittsburgh, 
om  the  design  and  under  the  direction  of  Mr.  Mann.  There  were 
kinds  of  these  projectiles,  classified  according  to  the  banding, 
projectile  has  two  composition  bands  upon  the  cylindrical  body — 
I  front,  and  the  other  in  rear  of  the  center  of  gravity,  cast  into 
3  dovetailed  grooves  and  then  turned  to  proper  size. 

CLASSIFICATIOir,  ETC. 

No.  of  pToJeotiles. 

aarked  1  on  l»flM* ' 172 

narked  2  on  base 24 

aarked  3  on  base 54 

Total  number  of  projectiles SJ50 
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COMPOSITION  OF  BANDS. 

Pweat 
Ko.  1.  Composition  of  alloy : 

Lead ^ G5.4 

Tin 33.0 

Copper 1.6 

No.  2.  Composition  of  alloy  unknown.    It  was  given  by  Mr.  Mann  as  Mansfield  A  Co.*ft 
"A  1"  Babbitt  metal. 

PeroMt 
No.  3.  Composition  of  alloy : 

Lead 75 

Tin 15 

Copper 2.5 

Antmiony 7.5 

These  projectiles  are  all  of  the  same  form,  cylindro-ogival,  and  about 
the  same  weight,  all  coming  within  the  inspection  limits. 

COPPER  BANDS. 

After  the  12th  roand  a  solid  copper  band  was  substituted  for  tJie 
rear  band  of  soft  alloy. 

For  five  rounds  (15th  to  Idth,  both  inclusiye)  a  V-shaped  groove  Was 
turned  in  the  copper  band;  for  the  20th  round  a  trapezoidal  groove  was 
substituted,  and  for  the  2l8t  the  same  groove,  with  the  addition  of  a 
bevel  on  the  rear  of  the  band.  The  deep  trapezoidal  groove  was  em- 
ployed in  the  last  three  rounds.  In  all  the  copper-banded  projectiles 
the  front  band  of  composition  metal  was  turned  down  even  with  the 
surface  of  the  shot. 

POWBEB. 

Twenty-three  rounds  (Nos.  1  to  23,  both  inclusive)  were  fired  with 
Du  Pout's  "  1. 0."  sphero-hexagonal  powder,  density  =  1.815  and  gran- 
ulation 123.  The  24th  and  last  round  was  fired  with  Du  Font's  ^'K 
H.  0."  sphero-hexagonal  powder,  density  =  1.775,  granulation  123. 

GAS-CHEOK. 

There  were  three  kinds  of  gas-checks  submitted  with  the  gun,  the 
form  being  the  same  in  all : 

KlIMbK 

No.  1,  made  of  *' Butler  sabot  metal,"  unmarked 10 

No.  2,  made  of  phosphor  bronze,  marked  **B" 5 

No.  3,  made  of  phosphor  bronze,  marked  **1R" 5 

Total 20 

The  form  and  dimensions  of  the  gas-check  are  shown  in  Plate  IL 

EXPEBIMENTS. 

These  were  conducted  at  the  Ordnance  Proving  Grounds  at  Sandj 
Hook,  "S,  J. 

BESULTS  OP  FIBINO. 

The  detaUs  of  the  firing  will  be  found  in  the  firing  record,  table  of 
eulargements  of  bore,  and  of  chamber  between  8th  and  24th  roondBy 
appended,  and  forming  part  of  this  report 
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Tlie  rollowing  table,  I,  shows  the  pressures  and  velocities  obtained 
til  til 4^  different  charges  and  kinds  of  powder,  together  with  the  dif- 
:^nt  \voights  of  projectiles  : 

—XiMhZe  s  'i  awing  kinds  and  weights  of  powder  ^  projectiles^  velociHeSf  and  pressures  ohiaimed 

in  firing  the  o.b-inch  Mann  B.  L.  rifle. 


I'owder. 


1 

2 
S 
4 
5 

e 

7 
8 

9 


L.C.. 

JL.C.. 

L.C.. 

L.C... 

I-.C  . 

L.C.. 

I-.C.. 


lo  !  r..G. 

L.C. 

r«.c. 


11 

12 

13 
14 

15 

le 

17 
18 
18 


21 


X..C  .. 
I-.C... 

X^C... 
I,.C... 
JL.C... 

I-.G... 
I-.C... 

t^C  .. 
I..C... 

L.C... 
L.C  .. 


Weight 


Pound*, 
20 
20 
25 
25 
80 
30 
35 
35 
35 
35 
35 
35 

37 
87 

87 
87 
37 
87 
87 

87 
87 

40 
40 
87 


Mann  projectile, 
0.6«inch. 


Kind. 


No.l 

No.l 

Nol 

No.l 

No.l 

No.l 

No.l 

Nal 

No.  2 

No.2 

No.  3 

No.  3  ••.v.. 

Solid  oop- 

pt:rband. 

. ...do ..... 

V-gTooved. 
....do 

..  do 

...  do 

....do 

Trapezoidiil 

Trap«toidal 

and  bovel. 

Tiapezoidal 

do 

do 


Weight 


Poundt. 

109 
109 
100 
100 
109 
109 
100 
109 
109 
109 
109 
109 

109 
109 

109 
109 
109 
109 
109 


109 
109 

109 
109 
109 


Instramental  ye- 
locity. 


Obeenred 
mettn  at  108 

feetO 

inohea  from 

miucle. 


Feet 
1.10« 

Lost. 
1.344? 

1.3.'>15 
1,534) 
1, 498  i 
1. 076  } 
1,6305 
1,637» 
1,660$ 
1.630? 
1,628  5 


104'  8" 


1, 747  ^ 
1.716) 


104'  1" 


1,7371 
1,720 
1,711 
1,707 
1,708  J 


104'  4" 


1,729? 
1, 715  5 

1.735? 
1,736  5 
1,748 


Mean. 


FmL 


1, 347. 5 

1,516 

1,653 

1,048.5 

1,029 

1, 781. 5 


Pressure  per 
square  inoh. 


Ob- 
Served. 


1,710.0 


1,722 
1,735.5 


PoundM, 

7,600 
8,000 
C  10,  500 
>  12, 000 
C  17, 750 
^15,500 
5  24, 500 
\  23, 000 
5  2d,  250 
?  24, 000 
5  23,750 
?  23,  500 


r 

(27, 


20,500 
250 


Mean. 


Pounds. 
I  7.760 

|ll,260 

|l0,025 

1 23, 750 

|25,125 

|23,025 


Gas-oheok. 


!- 


875 


r  26, 250 
23, 260' 
21,  500; 
22,500' 

123,000' 


23,800 


525. 
{24, 


26?  1 24, 760 
Lost. 


BatlerNo.1.) 
Do. 
Da 
Do. 
Do. 
Do. 


(Butler  sabot  metel 
X    No.  L 


Do. 


Da 

Da 

Butler  sabot  metal 
No.  1;  gun  dis- 
abled. 


SUMMABT  OF  EXPEBIMENTS. 


On  consultation  with  Mr.  Mann  the  Board  determined  upon  a  pre- 
liminary programme  given  below,  which  was  submitted  to  Mr.  Mann  and 
approved  by  him. 

Schedule  (using  No,  1  projectiles  and  Butler  metal  gas-check). 

Gun  to  be  fired  two  rounds  with  each  of  the  following  charges  of 
powder,  viz,  20,  25,  30,  and  35  pounds  L.  0.  sphero-hexagonal,  the  pro- 
gramme to  be  modified  at  any  time  if  deemed  necessary. 

The  above  eight  rounds  were  fired,  the  gun  washed  and  star-gauged. 
ThA  soft  composition  bands  having  stripped  and  failed  to  give  proper 
notation  of  the  shot,  it  was  decided  to  try  two  rounds  each  with  Nos.  2 
^d  3  projectiles,  using  35-pound  charges  of  the  same  powder,  to  see  if 
their  bands  would  produce  proper  rotation.  This  programme  being 
sabmitted  to  Mr.  Mann  and  being  agreed  to  by  him,  the  shotA  "^^t^ 
^fedy  and  showed  the  same  defects  as  No.  1. 
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After  coDSultation  with  Mr.  Mann,  and  with  his  assent  and  approval; 
the  Board  decided  to  substitute  solid  copper  bands  for  the  compoaitioo 
metal;  the  rear  bands  were  then  replaced  by  solid  copper  bands,  the 
forward  bands  being  turned  off  flush  with  the  surface  of  the  projectOe, 
some  of  these  having  a  central  groove  cut  in  them,  as  suggested  by  Mr. 
Mann. 

The  pressures  obtained  with  the  35pound  charges  being  deemed  too 
low  to  properly  test  the  mechanism,  the  Board,  with  the  approval  of  Mr. 
Mann,  decided  to  use  37-pound  charges  with  the  solid  copper-banded 
projectiles. 

Two  rounds  (13th  and  14th)  were  flred  with  this  charge. 

There  being  a  considerable  flow  of  copper  to  the  rear  the  Board  then 
continued  the  flring  with  the  same  charge,  using  the  central  groove  sog- 
gested  by  Mr.  Mann.  The  grooved  band  showed  little  advantage  over 
the  solid  bands  without  groove,  but  its  use  was  continued  to  the  end  of 
the  firing. 

The  removal  of  the  forward  band,  after  the  substitution  of  the  copptf 
rear  band,  permitted  the  i>rojectile  to  be  inserted  further  into  tbeboi«| 
increasing  the  powder-chamber  so  as  to  admit  a  charge  of  about  4U 
pounds  of  powder. 

The  pressures  being  still  very  low,  upon  consulting  Mr.  Mann  he  aa-  1 
sented  to  the  proposition  to  use  40  pounds  of  L.  C.  powder.  Two  \ 
rounds  were  tired  with  this  charge.  The  velocities  and  pressure  ob-  j 
tained  did  not  differ  materially  from  those  obtained  with  37  pounds, 
being  slightly  greater;  and  as  a  considerable  quantity  of  powder  wa« 
blown  out  unconsumed  it  was  decided,  with  Mr.  Mann's  assent,  to 
change  the  powder,  and  to  return  to  a  37-pound  charge,  at  least  for  the 
first  few  rounus. 

*;  The  Board  selected  Du  Pout's  K.  H.  C.  sphero-hexagonal  powder, 
density  1.775,  grauulation  123,  as  one  that  had  been  fully  tested  in  the 
8-inch  M.  L.  gun,  steel  lined  M.  I.,  and  had  been  found  to  give  fair 
velocities  with  moderate  pressures,  the  latter  having  averaged  from 
29,000  to  32,000  pounds  per  square  inch  with  a  minimum  of  26,650  and 
a  maximum  of  34,400  for  35-pound  charges,  using  projectiles  of  about 
180  pounds  weight  without  air  space  between  projectile  and  cartridge. 

The  24th  round  was  fired  with  37  pounds  of  this  (K.  H.  C.)  powder 
and  a  109-pound  projectile,  and  an  air  space  of  3.5-inch  besides,  the  air 
space  due  to  the  differences  in  diameter  of  the  chamber  and  cartridge. 

At  this  round  the  breech  transom  of  Whit  worth  steel  was  fractuw 
about  3  inches  from  the  left  tenon,  and  was  blown  54  feet  to  the  rear,  pass- 
ing through  a  heavy  wooden  screen.  The  cast-iron  breech-block  was 
broken  into  three  large  and  several  smaller  fragments,  one  of  the  large 
pieces  being  projected  about  200  yards  to  the  left  and  rear.  The  side 
8tra])s  were  spread  apart,  but  these  straps  and  the  main  body  of  thegon 
appear  to  be  uninjured. 

;;^The  velocity  obtained  in  this  round  was  1,748  feet,  being  alwut  the 
same  as  that  previously  obtained.  The  pressure  was  lost  owiu^'  to  the 
destruction  of  the  pressure-gauge  at  the  time  of  rupture,  but  froiu  the 
data  previously  obtained  and  the  velocity  record  it  is  not  probable  that 
it  greatly  exceeded  the  pressures  of  preceding  rounds. 

The  opening  and  closing  of  the  breech  mechanism  was  easily  pef- 
formed  by  two  men  after  attaching  a  weight  to  the  muzzle  to  counter- 
poise the  ireech  preponderance  of  the  gun-body  on  the  loading  tnin- 
nions. 

The  gas-check  operated  easily,  being  usually  withdrawn  by  hani 
tbough  the  tongs  were  xei&oitjibd  \^  \w  ^ome  instances.    It  was  found 
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a  wire  edge  requiring  removal  was  thrown  up  around  the  exterior 
e  gas-check  after  nearly  every  round  subsequent  to  the  first  few 
virith  the  device.  A  light  escape  of  gas  between  the  gun  and  breech 
was  noted  at  times  during  the  experiments.  After  the  18th  round 
escaped  through  both  vents,  though  one  was  bored  only  to  the 

ng. 

3  enlargements  of  the  bore  from  the  muzzle  to  within  41  inches  of 
ireech  are  from  0  to  0.001  inch,  being  very  slight  indeed.  The  en- 
men  t  of  the  bore  for  6  inches  in  front  of  the  chamber  is  about  0.003 
and  that  of  the  chamber,  as  determined  from  star-gaugiugs  made 
the  8th  and  24th  rounds,  was  about  0.003  inch,  except  at  5  inches 
the  breech  it  increased  to  0.005  inch,  and  varied  uniformly  from 
to  0,008  inch  at  2  inches  from  breech.  The  chamber  was  not  star- 
ed at  the  begining  from  lack  of  proper  sized  points  for  star-gauge. 
was  observ^  in  the  course  of  the  firing  that  the  gun  showed  a 
t  vertical  displacement,  by  reason  of  which  the  face  of  the  breech 
i  little  higher  after  than  before  firing.  This  indicated  that  at  some 
d  during  the  discharge,  probably  at  the  time  of  maximum  pressure, 
sontact  between  the  face  of  the  breech  and  the  movable  cast-iron 
ih-block  momentarily  ceased. 

sketch  giving  the  position  of  the  fragments  of  the  breech  mechanism 
ive  to  the  gun  is  shown  in  Plate  111. 

ite  IV  shows  the  fracture  of  the  Whitworth  steel  breech  transom, 
ite  V  shows  the  fracture  of  the  cast-iron  i)reech-block. 
is  gun  having  burst  at  the  24th  round,  its  endurance  was  not 
factory  to  the  Board,  and  hence  it  cannot  recommend  that  it  be 
.  to  use  in  the  Government  service.'' 

the  opinion  of  the  Board  the  system  was  weak  in  some  of  its  parts, 
)ly  the  cast-iron  breech-block.  It  is  considered  probable  that  the 
ing  of  the  breech-closing  system,  composed  of  the  side-straps,  tran- 
breech-block,  and  screw,  permitted  escape  of  the  gas  between  the 
^hblock  and  the  base  of  the  gun,  thus  allowing  the  gas  to  exert  its 
iore  upon  a  larger  area  of  the  breech-block  than  a  cross  section  of 
)OTe.  This  it  is  believed  may  have  been  the  cause  of  the  rupture,  but 
)  may  have  been  some  flaw  or  defect  in  the  material  of  the  breech- 
i  or  transom,  although  none  could  be  detected  by  the  eye. 

T.  G.  BAYLOK, 
Colonel  of  Ordnance,  President  of  the  Board, 

F.  H.  PARKER, 

Major  of  Ordnance. 

GEO.  W.  McKEB, 

Major  of  Ordnance. 

CHARLES  SHALER, 

Captain  of  Ordnance. 

D.  A.  LYLE, 

Captain  of  Ordnance. 
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Table  shofdng  enlargement  of  here  and  chamber  of6,S'inch  breeeh-lcading  riJU  (Mamm), 


Inchea  from 
mnzale. 

Original 

diameter  of 

bore. 

Diameter 

after 
24  roands. 

Enlarge- 
ment. 

Inchea  fh>m 
muzzle. 

Original 

diameter  of 

bore.. 

Diameter 

after 
24roiuida. 

En]arge> 
meat 

169 

Jnehee. 
6.500 
6.499 
6.499 
6.499 
6.499 
6.499 
6.409 
6.499 
6.499 
6.499 
6.500 
6.500 
6.500 
6.500 
6.500 
6.500 
6.501 
6.501 
6.501 
6.501 
6.501 
6.501 
6.501 
6.501 
6.501 
6.501 
6.501 
6.501 
6.501 
6.501 
&501 
6.501 
6.501 
6.501 
&501 
6.501 
6.501 
6.501 
6.502 
6.502 
6.502 
6.502 
6.502 
6.502 
6.502 
6.602 
6.602 
6.502 
6.502 
6.502 
6.502 
6.502 
6.502 
6.502 
6.502 
6.502 
6.502 
6.502 
6.502 
6.602 
6.502 
6.502 
6.502 
6.502 
6.502 
6.502 
6.502 
6.502 
6.502 
6.501 
6.501 
6.501 
6.501 
6.501 
6.501 
6.501 
6.501 
6.501 

Jnehet. 
6.502 
6.502 
6.502 
6.502 
6.501 
6.501 
6.501 
6.500 
6.500 
6.500 
6.500 
6.500 
6.501 
6.501 
6.501 
6.501 
6.501 
6.502 
6.602 
6.502 
6.502 
6.502 
6.502 
6.502 
6.502 
6.502 
6.502 
6.502 
6.502 
6.502 
6.502 
6.502 
6.502 
6.502 
6.502 
6.502 
6.501 
6.501 
6.501 
6.501 
6.502 
6.602 
6.502 
6.502 
6.502 
6.502 
6.502 
6.503 
6.602 
6.502 
6.602 
6.502 
6.502 
6.502 
6.502 
6.502 
6.502 
6.502 
6.502 
6.502 
6.502 
6.502 
6.502 
6.502 
6.502 
6.502 
6.502 
6.502 
6.502 
6.502 
6.502 
6.502 
6.502 
6.502 
6.502 
6.502 
6.502 
6.502 

Inch. 
0.002 
.003 
.003 
.003 
.002 
.002 
.002 
.001 
.001 
.001 
.000 
.000 
.001 
.001 
.001 
.001 
.000 
.001 
.001 
.001 
.001 
.001 
.001 
.001 
.001 
.001 
.001 
.001 
.001 
.001 
.001 
.001 
.001 
.001 
.001 
.001 
.000 
.000 
-.001 
—.001 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.001 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.001 
.001 
.001 
.001 
.001 
.001 
.001 
.001 
\         .001 

91 

90 

Jnehet. 
6.501 
6.601 
6.501 
6.501 
6.501 
6.601 
6.501 
6.501 
6.501 
6.501 
6.501 
6.501 
6.501 
6.501 
6.501 
6.501 
6.501 
6.501 
6.501 
6.501 
6.501 
6.501 
6.501 
6.501 
6.501 
6.501 
6.501 
6.500 
6.500 
6.500 
6.500 
6.500 
6.500 
6.500 
6.500 
6.500 
6.500 
6.500 
6.500 
6.500 
6.500 
6.500 
6.501 
6.601 
6.501 
6.501 
6.501 
6.501 
6.501 
6  502 
6.502 
6.502 
6.501 
6.501 
6.501 
6.501 
6.501 
6.501 
6.601 
6.501 
6.501 
6.501 
6.501 
6.501 
6.501 
6.501 
6.501 
6.501 
6.601 
6.601 
6.501 
6.601 
6.501 
6.501 
6.501 
6.501 
6.601 

Indut. 
6.502 
6.502 
6.502 
6.502 
6.502 
6.502 
6.502. 
6.502 
6.502 
6.502 
6.502 
6.502 
6.502 
6.502 
6.502 
6.502 
6.501 
6.501 
6.501 
6.501 
6.501 
6.501 
6.501 
6.501 
6.501 
6.501 
6.501 
6.501 
6.501 
'      6.501 
6.501 
6l501 
6.501 
6.501 
6.501 
6.501 
6.501 
6.501 
6.501 
6.501 
6.501 
6.501 
6.501 
6.501 
6.501 
6.502 
6.502 
6.502 
6.502 
6.502 
6.502 
6.502 
6.502 
6.501 
6.501 
6.501 
6.501 
6.501 
6.501 
6.501 
6.501 
6.501 
6.501 
6.501 
6.501 
6.501 
6.501 
6.561 
6.501 
6.501 
6l601 
6.501 
6.501 
6.601 
6.501 
6.601 
6.601 
6.501 

IndL 

a  001 

168 

.001 

167 

89 

.001 

166 

88 

.001 

165 

87 

.001 

164 

86 

.001 

163 

85 

.001 

162 

84 

.001 

161 

83 

.001 

160 

82 

.001 

159 

81 

80 

.001 

158 

.001 

157 

79 

.001 

156 

78 

.001 

155 

77. 

.001 

164 

76 

.061 

153 

75 

.000 

152 

74 

.000 

151 

160 

73 

72 

.000 
.000 

149 

71 

.000 

148 

70 

.000 

147 

69 

68 

.000 

146 

.000 

145 

67 

.000 

144 

66 

65 

.000 

143 

.009 

142 

64 

.001 

141 

63 

.001 

140 

62 

.001 

139 

61 

.001 

138 

60 

.001 

137 

59 

.001 

136 

58 

.001 

136 

57 

.001 

134 

56 

.001 

133 

55 

.001 

182 

54 

.001 

181 

53 

.001 

130 

52 

.001 

129 

51 

.001 

128 

50 

.001 

127 ^. 

49 

.000 

126 

48 

.000 

126 

47 

.009 

124 

46 

.001 

123 

45 

.001 

122 

44 

.001 

121 

43 

.001 

120 

42 

.000 

119 

41 

.000 

118 

40 

. 

.000 

117 

39 

.001 

116 

38 

.000 

115 

37 

.009 

114. 

36 

.009 

118 

36 

.009 

112 

34 

.000 

Ill 

33 

.009 

110 

32 

.009 

109 

31 

.009 

108 

30 

.000 

107 

29 

.009 

106 

28 

.000 

105 

27 

.009 

104 

26 

.000 

103 

25 

.000 

102 

24 

.000 

101 

23 

.099 

100 

22 

21 

.009 

99 

.909 

98 

20 

.909 

97 

19 

.099 

96 

18 

.609 

95 

17 

.009 

94 

16 

.099 

98. 

15 

02 

y\u 

.Olt 
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Ue 


enlargement  of  bore  and  dhamher  of  6.5-ino^  hreeoh-loading  rifle  (Mann 

Continned.  v 


mnssle. 

Original 

diameter  of 

bore. 

Diameter 

after 
24  rounds. 

Enlarge* 
ment. 

Inches  fVom 
muxzle. 

Original 

diameter  of 

bore. 

Diameter 

after 
94  rounds. 

Bnlarge- 
ment. 

Inehsa. 
6.501 
&501 
6.501 
6l501 
6.501 
6.501 
6.501 

Jn^et. 
6.501 
6.501 
6.602 
6.502 
6.502 
6.502 
6.502 

Inch, 
0.000 
.000 
.001 
.001 
.001 
.001 
.001 

6 

Jnehei, 
6.501 
&501 
6.501 
6.501 
6.500 
6.500 

Inehea. 
&502 
6.502 
6.502 
6.502 
6.501 
&S01 

JneA. 
0.0U1 

5 

.001 

4 

.001 

3 

.001 

2 

.001 

1 

.001 

CHAMBBB. 


icheefkvm 

Diameter 

after 
8  rounds. 

Diameter 

after 
24  rounds. 

Bnlance* 

ment  from 

8tb  to  24th 

rounds. 

Inches  from 
breech. 

Diameter 

after 
8  rounds. 

Diameter 

after 
24  rounds. 

Enlarge- 
ment from 
8th  te  24th 
rounds. 

Inches, 
6.821 
6.820 
6.820 
&820 
6.820 
6.822 
6.820 
6.820 
6.820 
6.820 
6.820 
6.820 
6.820 
6.820 
6.820 
6.820 
6l820 

Inehes. 
6.822 
6.822 
6.822 
6.822 
6.823 
6.823 
6.823 
6.823 
6.828 
6.823 
6l823 
6.823 
6.823 
6.823 
6l823 
6.823 
6.822 

Inch. 

0.001 
.002 
.002 
.002 
.003 
.001 
.003 
.003 
.003 
.008 
.003 
.003 
.003 
.003 
.003 
.008 
.002 

18 

Inehes. 
6.820 
6.821 
6.821 
6.822 
6.823 
6.825 
6.826 
6.826 
6.826 
6.826 
6.826 
6l825 
6.824 
6.823 
6.823 
6.823 
&823 

Inehes. 
6.821 
6.821 
6.824 
6.824 
&825 
6.826 
6.826 
6.826 
6.827 
6.827 
6.827 
6.827 
6.827 
6.828 
6.820 
6.830 
6.831 

Inch. 
0.001 

17 

.000 

16 

.003 

15 

14 

.002 

.002 

13 

12 

.001 
.000 

11 

.000 

10 

9 

.001 
.001 

8 

.001 

7 

.002 

6 

.003 

6 

4 

.006 
.006 

3 

>007 

2 

.008 
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Record  of  firing  with  6.b^nch  breeeh-loading  rifie  (ilm«), 


1 

1 

1 

Time. 

Powder. 

Projectile. 

1 

► 

§1 

B 

E  o   • 

s-sa 

11 

-31  s 

ill 

1*^ 

1 

i 

s 

1 

FmL 
L75 

1 

Kind. 

4i 

1 

Kind. 

• 

I 

* 

Sept  9 

t 

20 

• 

Lbt. 
100 

O     1 

0  15 

Zb$. 
7.500 

1,106 

1 

2 

Sebt  9 

00 

20 

100 

0  10 

8,000 

Lost 

L2S 

Barometer,  29.096;  thermom- 
eter, 85.2;  hamidlty„67,     \ 

8 

Sept  9 

25 

100 

0  12 

10,500 

1,344 

1.92 

4 

Sept  9 

25 

100 

0  12 

12,000 

1,351 

1.82 

6 

Sept  0 

p 

• 

30 

• 

1 

100 

0  15 

17,750 

1,534 

2L9S 

• 

6 

Sept  9 

6S 

30 

s 

109 

0  15 

15,500 

1,498 

2.83 

f 

7 

Sept.  10 

9^ 

35 

h\ 

109 

0  15 

24,500 

1,676 

3.68 

8 

Sept  10 

O  c8 

85 

fl 

109 

0  15 

23,000 

1,630 

3.52 

Barometer,  30.085;  thermom- 
eter, 83.7 ;  humidity,  65.       S 

9 

Sept  10 

S 

1 

0 

35 

" 

109 

0  15 

26,250 

1,639 

8.68 

. 

10 

Sept  10 

1 

35 

109  ;  0  15 

24,000 

1,060 

3.68 

11 

Sept  10 

85 

109 

0  15 

23,750 

1.630 

3.75 

• 

12 

Sept  10 

9 
P         I 

35 

J     I 

109 

0  15 

23,500 

1.628 

8.66 
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loMd^  Hook,  N.  J.f  from  September  9  to  October  8,  1884. 


direodoB. 


torn      front     and 
right 48^;  Smiles^ 
Ml  hour. 


Special  ramarka  about  each  Are,  enoh  aa  effect  on  piece,  Bound  of  prqjectile 
in  flight.  Bcattering  of  fragmentBf  etc.,  etc 


om  fSront  and  left 
a^i    9   milea 


'  Head  of  aeonring-bolt 
for  elevating-ecrew 
broken;  repaired. 


09 

6 


s 

s 
a 

1 


6nn  waehed' 
oat,  ezuoined, 
and     a  tar- 
ganged. 


§^ 
«  o 

.  ©  ft 

11 

n 


The  gas-cbeok  need  thronghoat  theae  ronnda 
waa  made  of  Batler  aabot  metal,  and,  except 
in  ronnd  aiz,  when  there  waa  conaiderable  es- 
cape of  ns,  closed  the  breech  fairly  well, 
^fter  eacn  ronnd  Bul>seqaent  to  nnmber  6  a 
burr  had  to  be  filed  off  from  the  enter  edge  of 
the  check.  It  waa  remoyed  eaaUy  by  hand 
after  firing,  excepting  in  the  case  of  rounds 
11  and  12,  when  the  tongs  had  to  be  used. 
For  the  first  eight  rounds  a  245>pound  Gmaon 
shot  was  suspended  from  the  muzsle  to  ooun> 
terbalance  the  breech  prex)onderance  when 
the  gun  was  unlocked  and  facilitate  opening 
the  gun.  From  rounds  9-12  the  Gruson  shot 
was  replaced  by  a  heaTier  chain  around  neck 
of  gun,  and  at  all  times  the  gun  waa  opened 
easily  by  two  men.  Three  projectiles  were 
used,  differing  in  the  character  of  soft-metal 
band.  Rounds  1  to  8,  marked  Al,  band  metal 
containing  06.4  parts  lead,  83  parts  tin,  1.6 
parts  copper.  Bounds  0  and  10,  marked  A2f 
made  of  Babbitt  metal.  Bounds  11  and  12, 
marked  A8,  containing  2.5  parts  copper,  15 
parts  tin,  76  parta  lead,  7.5  parts  antimony. 
At  least  one  of  each  kind  of  these  proJectUea 
key-holed  in  the  butt.  Of  eight  recovered, 
one  only,  and  that  one  fired  with  20  or  25 
pounds  of  powder,  showed  marks  of  the  ri- 
fling; with  the  others  the  soft  metal  waa 
sheared  off  and  in  some  cases  entirely  re- 
moyed from  the  shot. 
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Record  of  firing  with  6.5-tticA  hreecK-loiiding  rifit  (Jfosn), 


Powder. 

ProtJeotile. 

Si 

n 

• 

s 

dP4 

n. 

«3 
1 

a 

a 

Time. 

Kind. 

1 

Kind. 

•5 

s 
1 

•goo -3 

lis 

III 

S 

^ 

^ 

H 

fi 

p 

1884. 

£6t. 

Xrbt. 

o    t 

Poundg. 

FetL 

13 

Oct.   1 

' 

87 

109 

0  25 

26,500 

1,747 

fle 

P.  M.    Barometer, 

i 

30.196;  thermom- 

eter, 71;    humid- 

ity. 88. 

1 

k 

14 

Oct    1 

a 

37 

}  » 

109 

0  25 

27,250 

i,n« 

104'!'' 

;s 

15 

Oct.    7 

OB 

"3 

87 

109 

025 

28^250 

1,737 

16 

Oct.    7 

9 

37 

§£•§ 

109 

0  25 

23,250 

1.7J0 

P.  M.    Barometer, 

w 

?^ 

29.895;  thermom- j 

17 

Oct.    7 

•  •k 

37 

T3  oS     . 

109 

0  25 

21,500 

1,711 

eter,  72;  humid-' 

ity,61. 

18 

Oct.    7 

00 

• 

37 

109 

0  25 

22,500 

1,7*7 

^ 

ir.2> 

19 

Oct    7 

.P4 

1 

87 

J      »                         I 

109 

•  25 

23,000 

1,708 

104' 4" 

'  d  • 

h4 

r  ••3     1 

20 

Oct    8 

-a 

1 

U3 

37 

With  Bin 
trapezoi 
groove. 

109 

0  25 

25^250 

i,ra 

21 

Oct.    8 

i 

87 

^1 

109 

025 

24,250 

1,715 

A.  M.   Barometer, 

% 

■§1 

29.946;  thermom- 

eter,  65:hnmid-| 

JB 

§2 

lty.72. 

4» 

1 

• 

•^  ft"? 

2 

Ill 

22 

Oct    8 

40 

9 

109 

025 

27,500 

1,735 

28 

Oct.    8 

eBio 

40 

» 

i      f 

109 

025 

26.000 

1,726 

24 

Oct    8 

87 

53^ 

100 

025 

l,7tt 

P.  M.    Barometer, 

29.782;  thermom- 
eter, 69;  humid- 1 

.S5^. 

•o  El 

aphero  1 

Dens 

Ion,  123 

II 
It 

ity,  71. 

» 

ont'a 
H.  C. 
nnlat 

w.iE 

.s 

dM& 

s 

Q         I 

i  ^     I 
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f  Sandy  Hook,  X.  J.,  from  September  9  to  October  b,  1884— Continued. 


8 


Special  remarks  aboat  eaoh  fire,  such  a«  effeot  on  piece,  sound  of  projectile  in 

flight,  scattering  of  fragments,  etc.,  etc. 


3.75 


76 


ras   i 


Gas-check  Butler  sabot  metal  (same  check  bath  rounds).  Projectiles  recor- 
ered  fh>m  sand  butt  Bands  showed  full  impression  of  rifline,  with  Tory 
little  slip.  Bounds  13  and  14  solid  copper  band  substituted  for  soft-metal 
band  in  rear,  and  front  band  turned  down  flush  with  body  of  shot.  Closed 
and  opened  easily;  light  escape  of  gas. 


Butler  sabot  metal  gas-check  used  in  these  rounds:  15, 16, 17, 18,  and  19;  having 
preTiously  b^en  used  in  rounds  13  and  14.  Removed  by  hand  except  in  round  17. 
Gun  closed  and  opened  easily. 

Very  slight  escape  of  gas. 

After  this  round  gas  escaped  from  both  vents,  though  tiie  right  vent  had  been 
drilled  only  as  far  as  bushing.  Projectiles  recovered  from  butt  showed  full 
impression  of  rifling  and  no  slip. 


After  round  23  gas  escaped  between  breech-block  and  .body  of  gun;  an  incident 
said  to  have  occurred  on  two  previous  occasions  when  a  new  gas  check  was 
first  used.  Af  cer  each  round  it  was  observed  that  the  union  ox  the  gun  and 
breech-block  had  changed  about  one-tenth  of  an  inch. 

Bounds  23  and  24,  new  gas-check  (the  third)  of  Butler  sabot  metal  used  in  these 
rounds.  At  round  24  breech  of  gun  blew  off.  The  steel  cross-head  was  fractured 
about  3  inches  fh>m  its  left  tenon  and  the  remainder,  with  the  breech-screw, 
was  thrown  as  a  single  fragment  54  feet  to  the  rear,  passing  direcUy  Uirough 
a  heavv  wooden  screen.  One  large  ft*Mcment  of  the  cast-iron  breech-block  was 
found  oirectly  under  the  gun,  and  anoUier  of  equal  sise  on  the  beach  over  200 
yards  to  the  left  and  rear.  The  breech-straps  were  spr(^ad  out,  but  otherwise 
unii^ured,  and  the  carriage  but  slightly.  The  elevating-screw  was,  of  course, 
torn  ofll  and  the  gearing  for  opening  Uie  gun,  with  bolts  and  nuts  here  and 
there  strewn  around  in  everv  direction  as  various  sized  fragments.  Only  a 
small  piece  of  the  housing  of  the  pressure-plug  was  found.  The  botly  of  the 
gan  was  entirely  uniqjurMl 
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ABLE  OF  THE  HOTCHKISS  SINGLE-BARREL  RAPID  FIRING  NON- 
RECOIL  GUNS. 


These    inins  use   the 
ammnnition    of  the  i 
revolving  cannon  of  i 
same  calfl>er. 


High -power  giine. 


iT millimeters..  37 

ih  of  bore do '       740 

h  of  hore,  in  calibers j         20 

;liof  gun  ..     millimeters..         840 

h  of  gnn,  Inclading  stock  or  shoulder- 

te millimeters . . 

bt  of  gnn,  including  stock  or  shoulder- 

ie kilograms.. 

bt  of  pivot .do 

bt  of  socket,  or  of  socket  ^rith  stand,* 

grams 

bt  of  steel  shell gndns. . 

Ing  cbarge do  ... 

ibof  steel  shell,  in  calibers 

;e  of  powder graios. . 

length  ot  cartridge  with  projectile, 

imeters 

weight  of  complete  cartridge .  grains . . 

I  velocity  of  projectile meters . . 

iro 

maszle  energy  of  projectile,  in  kilo- 

a  meters 

oesM  of  iron  plate  which  the  projectile  , 

perforate millimeters . . '         30 

t  J  of  fire,  per  minute,  careful  sight- 

lut  inclnded ..  20 

ST  of  men  reqaire<l  to  work  the  gnn . .  1 


47 

53  j 

1,175 

1,272 

25 

24 

1,325 

1,605 

37  ! 
1,406 

88 
1,506 


1,140   1,825  I  2,125  I  2,020 


120 

50 

250 

800 

80 

4 
320 

370 

1,420 

600 


35 

100 

156 

17 

36 

56 

10 

40 

60 

512 

1,075 

1,700 

15 

45 

60 

2.67 

2.5 

3 

80 

220 

410 

167 

234 

819 

685 

1,535 

2,390 

402 

450 

450 

,217 

11,100 

17,648 

50  :  65 


20  I 
2  J 


20 
2 


18,482 


20 
2 


047 

1,786 

38 

1,954 

2,500 

180 
56 

250 

1,500 

60 

3.66 

500 

395 

2,400 

500 


19, 116 

80 

20 
2 


M7 

1,880 

40 

2,048 

2,600 

230 
60 

300 

1,500 

60 

3*  66 

750 

516 
2,780 

600 
2,300 

27,527 

120 

18 
2 


57 
2,280 

40 
2,515 

3,035 

356 
80 

360 

2,720 

115 

3.88 

850 

477 

4,230 

660 


41,044 


18 
2 


;  high-power  guns  are  usually  mounted  on  a  stand,  which,  is  bolted  down  on  the  deck.    The 
I  for  the  other  gun?  are  bolted  on  the  hand-rail  or  any  other  convenient  part  of  the  ship. 
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CONSTRUCTION  REPORT   OF    TEE    ^-INCR    MANN    BREECH-LOADING 

RIFLE. 

BY  CAPT.  D.  A.  LYLH,  ORDNANCK  DEPARTMENT. 

(1  plate.) 

The  body  of  this  gun  is  converted  from  a  10-inch  Itodman  smooth- 
bore gun  (No.  176,  W.  Pt.  Fdy.,  No.  978)  by  inserting  a  steel  tube,  open 
at  each  end,  shrinking  on  a  steel  jacket  over  the  breech,  and  shrinkiDg 
on  a  steel  trunnion  ring  whose  rear  face  is  6  inches  in  front  of  the  for- 
ward end  of  the  jacket. 

The  breech  mechanism  consists  of  a  cast-iron  breechblock  recessed 
into  a  steel  transom,  which  carries  a  steel  breech-screw  for  bringing  the 
breech-block  in  contact  with  the  base  of  the  breech.  The  transom  is 
mortised  into  two  steel  side  straps,  which  transmit  the  strain  upon  the 
breech  to  the  trunnions  upon  the  body  of  the  gun.  A  second  set  ai 
trunnions  are  placed  on  the  exterior  faces  of  these  side  straps  to  sap- 
port  the  gun  upon  its  carriage.  The  centers  of  the  trunnions  on  tbe 
side  straps  are  23  inches  in- rear  of  the  centers  of  those  on  the  body. 

The  tube  Jacket,  trunnion-ring,  side  straps,  transom,  and  breech-screw 
are  all  made  of  Whitworth  fluid-compressed  steel.  The  quality  of  the 
material  and  the  finish  of  these  parts  testify  to  the  excellence  of  the 
work  done  by  that  celebrated  manufacturer.  The  tube  was  finidi- 
turned,  chambered,,and  rifled  when  received.  The  finish-turning  of  the 
exterior  necessitated  very  delicate  manipulation  at  this  foundrj-  in  bor 
ing  the  casing  in  order  to  keep  within  the  small  limits  requireil.  It  is 
preferable  in  manufacture  to  first  bore  out  the  casing  and  then  turn  the 
tube  down  to  the  limits  prescribed.  Hence  tubes  should  not  be  finished 
on  the  exterior  until  they  arrive  at  the  place  of  assembly. 

A  retaining  ring  of  steel  is  screwed  on  the  rear  end  of  the  tube.  The 
exterior  of  this  ring  fits  mechanically  into  the  corresponding  connter 
bore  of  the  cast-iron  casing. 

The  breech-screw  is  set  up  and  relieved  by  means  of  a  tappet-lerer 
attached  to  the  rear. 

The  mechanism  is  opened  and  closed  for  loading  by  meansof  a  craok 
shaft  passing  transversely  through  the  side  straps,  carrying  two  brass 
pinion-wheels  which  engage  two  corresponding  racks  screwed  to  the 
sphero-segmental  surface  forming  the  face  of  the  breech.  These  wcks 
are  placed  one  on  each  side  of  the  bore  and  extend  downwards  from 
points  on  a  line  with  the  center  of  the  bore. 
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PRINCIPAL  DIMENSIONS  OF  BORE. 

Inches. 

Qgth  (17  feet =31^  calibers) 204. 

r  of  rifled  portion 6.5 

of  rifled  portion - , 168.5 

r  of  chamber 6. 82 

of  chamber  (cylindrical  part) 34. 

of  chamber  (conical  part) 0. 75 

Dffth  of  chamber 34.75 

of  recess  for  gas-check 0.75 

t68  of  walls  of  tube  over  chamber 2. 215 

«s  of  walls  of  tube  nnder  casing 2.375 

isa  of  walls  at  front  end  of  casing 4. 1 

)88  of  walls  at  neck 2.4375 

)BS  of  walls  at  swell  of  mnzzle 3. 75 

RIFLING. 

rifling  consists  of  thirteen  lands  and  thirteen  grooves  of  equal 
and  terminates  upon  the  bevel. 

>f  lands  and  grooves inches..     0.7854 

>f  grooves do 0.1 

of  angles  at  bottom  of  grooves do 05 

3rof  bore  over  lands do 6.5 

3r  of  bore  over  grooves do...,     6.7 

>ne  turn  in  60  calibers,  or feet. .  32. 5 

WEIGHTS  OF  PRINCIPAL  PARTS. 

Ponnds 

17,275 

block 485 

a 1,367 

ap8(2) 3,285 

9crew 275 

eight  of  gun 22,994 

.  PREPONDERANCE. 

Pounds. 

't  on  loading  trunnions  (forward  set),  breech* 293 

ie  gnn,  on  carriage  or  firing  trunnions  (rear  set),  mnzzle 2, 213 

detailed  description  of  gun  and  claims  of  inventor,  see  specifica- 
•orming  part  of  Letters  Patent  No.  257,230,  dated  May  2, 1882, 
)ecifications  forming  part  of  Letters  Patent  No.  257,823,  dated 
,  1882,  transmitted  herewith  and  forming  part  of  this  report, 
ttails  of  weights  and  dimensions  see  inspection  report  inclosed. 

VENTING. 

vent  is  for  center  fire.  A  copper  vent  piece  or  bushing  is  set  in 
»t-iron  breech  piece.  The  vent  is  bored  axially  on  a  line  with  the 
*  the  bore  for  a  short  distance,  where  it  is  intersected  at  an  obtuse 
by  a  hole  bored  from  the  upper  surface  of  the  breech  piece  and 
n  a  plane  passing  through  the  axis  of  the  bore  (when  breech  is 
)  and  inclined  to  the  vertical  plane  through  the  same  axis.  A 
[  vent  is  placed  symmetrically  on  the  opposite  side  of  the  vertical 
but  is  bored  only  to  the  outer  surface  of  the  copper  bushing. 

FABRICATION. 

work  of  conversion  was  performed  by  the  South  Bo&toiv  Itovl 
ij  at  South  Boston^  Mass,    The  Eodinan  gun  casmg  \7a^  tawki^dL 
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and  bored  to  the  given  dimensions,  and  the  steel  tube  inserted  with  a 
play  of  .004  inch,  though  it  was  intended  to  have  them  the  same  size, 
and  heat  the  casing  for  tube-insertion. 
The  steel  jacket  and  trunnion  baud  were  then  consecutively  shrunk  on. 

ASSEMBLING. 

Tube  in  casing. 

First  trial. — The  first  attempt  to  insert  the  tube  resulted  in  failure 
from  defects  of  method  and  appliances. 

The  operations  were  as  follows : 

Tube. — Both  ends  of  this  were  closed  by  wooden  plugs.  A  five-eighths 
inch  gas  pipe,  extending  nearly  to  the  breech,  was  inserted  through  the 
center  of  the  muzzle  plug  to  admit  water  conducted  from  a  hydrant 
through  an  attached  hose.  The  water  was  to  keep  the  tube  cool.  Tbe 
waste  water  wa«  carried  off  by  a  1-inch  iron  pipe  with  hose  attached. 
The  pipes  and  hose  proved  too  small  for  the  purpose.  The  whole  was 
arranged  according  to  the  Eodman  plan.  A  clamp  and  chain  fastened 
to  the  muzzle  end  of  the  tube  was  hooked  to  a  derrick  for  hoisting  and 
lowering. 

Cast-iron  casing. — This  was  placed  breech  down  upon  an  iron  ring 
about  2.5  inches  thick,  supported  by  bricks  placed  upon  the  surface  of 
the  ground.  Five  sections  of  an  old  boiler  were  placed  end  to  end,  v^- 
tically,  so  as  to  inclose  the  casing,  which  extended  12  inches  beyond  this 
shell.  Numbering  the  sections  from  the  bottom,  Nos.  1  and  2  were 
riveted  together,  the  3d  and  4th,  similarly  prepared,  were  placed  loosely 
upon  the  first  two,  and  the  5th  loosely  upon  the  top  of  the  fourth  seo 
tion. 

Firing. — Shavings  were  filled  in  around  the  cast-iron  body  and  the 
fire  lighted.  The  fuel  used  was  strips  of  dry  pine  added  from  time  to 
time. 

Details. — 7.45  a.  m.,  fire  lighted ;  8.15  a.  m.,  fuel  added ;  8.52  a.  m^ 
fuel  added;  9.12  a.  m.,  fuel  added;  9.25  a.  m.,  fuel  added;  9.52  a. nii 
commenced  to  lower  tube  in  casing;  9.55  a.  m.,  tube  stuck  in  casing 53 
inches  from  required  position ;  10.00  a.  m.,  fuel  added  to  expand  casing 
more,  but  without  success ;  10.37  a.  m.,  water  turned  off  and  fire  allowed 
to  go  down ;  10.44  a.  m.,  water  hot,  steam  and  hot  water  escaping  »t 
intervals ;  10.49  a.  m.,  cold  water  turned  on,  escape  of  steam  and  water 
ceased ;  10.52  a.  m.,  water  began  to  flow  again ;  10.55  a.  m.,  water  turned 
off;  10.57  a.  m.,  steam  and  water  escaping;  11  a.  m.,  steam  escapingi 
and  water,  at  intervals;  11.02  a.  m.,  hot  water  escaping  through  efflw 
pipe ;  11.09  a.  m.,  plug  came  out  of  bottom  of  tube,  letting  out  water 
and  steam  under  considerable  pressure,  water  turned  off  and  fire  ex- 
tinguished. 

During  thie  trial  the  loose  boiler  sections  were  disarranged  and  tipped 
to  one  side.  A  brisk  breeze  blew  the  fire  to  one  side,  causing  unequal 
heating;  and  the  casing  was  so  long  that  the  blaze  did  not  extend  hifi^ 
enough  to  expand  the  upper  part  of  the  casing  sufficiently  to  admit  the 
tube.    The  arrangements  were  very  crude  and  insufficient. 

The  tube  was  subsequently  removed  from  the  casing  by  means  of  a 
95-ton  hydraulic  jack. 

Second  trial. — For  this  attempt  the  casing  was  placed  in  a  casting  pit 

in  the  gun-foundry,  where  suitable  arrangements  existed  for  heating 

properly.    The  mouth  of  the  pit,  which  was  level  with  the  muzzle  of  tli« 

aasingj  was  covered  w\t\i  p\at^^  oi  Vcow.   "Wiifc  \»fe^  was  closed  at  each 
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'  plates  of  iron,  UDder  which  were  placed  rubber  gaskets,  and  all 
Ij  held  in  position  by  a^-inch  iron  rod  extending  the  whole  length 
tube.  The  inlet  pipe  extending  to  bottom  of  tube  was  1  inch  in 
:er,  t-o  which  was  fitted  a  1^-inch  hose.  The  outlet  or  waste- water 
as  l^inches  in  diameter.    The  hoisting  and  lowering  was  done  by 

upper  end  of  the  casing  was  closed  by  a  sheet-iron  plate  having 
in  the  center  to  admit  the  metallic  stem  of  a  Bulkley  pyrometer, 
ierminiug  the  temperature. 

grate  was  filled  with  a  layer  of  shavings  and  charcoal,  on  which 
oal  was  placed.  The  fire  was  lighted  at  5.40  p.  m.,  and  tended  by 
hman  during  the  night,  who  allowed  the  fire  to  go  down  slightly 
L30  a.  m.  the  following  morning. 

Us. — June  17,  5.40  p.  m.,  fire  lighted  in  pit.  June  18,  4.30  a.  m., 
^tting  low;  7.25  a.  m.,  pyrometer  inserted;  7.45  a.  m.,  indicated 
*ature  260^;  7.52  a.  m.,  fuel  added — old  pine  patterns  and  little 
al;  7.57  a.  m.,  fuel  added  (wood  and  charcoal);  8.10  a.  m.,  fuel 
(wood);  8.10  a.  m.,  pyrometer  reading  350°;  8.30  a.  m.,  pyrome- 
iding  310O;  8.40  a.  m.,  pyrometer  reading  350O;  9.00  a.  m.,  py- 
r  reading  370^;  9.20  a.  m.,  pyrometer  reding  390^;  9.37  a.  m., 
eter  reading  400^;  9.50  a.  m.,  pyrometer  reading  420o;  10.00  a.  m., 
Bter  reading  425^;  10.15  a.  m.,  pyrometer  reading  440°;  10.38  a. 
•ometer  reading  475^;  10.51  a.  m.,  pyrometer  reading  460O;  11.04 
pyrometer  reading  470°;  11.25  a.m.,  pyrometer  reading  475^; 
'.  m.,  water  turned  on  in  tube,  and  bad  packing  allowed  leakage 
er  end — 35  minutes  lost  in  repacking;  12.00  m.,  pyrometer  read- 
K^;  12.35  p.  m.,  pyrometer  reading  610^;  12.45  p.  m.^  pyrometer 
g  510O;  1.25  p.  m.,  pyrometer  reading  490^:  1.50  p.  m.,  pyrometer 
g  500O;  2.10  p.  m.,  pyrometer  reading  500o. 
oved  pyrometer  and  covering  from  end  of  casing.  Latter  meas- 
3  well  as  heat  would  admit,  and  found  to  be  expanded  about  .04 


srane  with  tube  was  then  plained  in  position,  the  water  turned  on  in 
itil  it  overflowed,  and  the  tube  inserted  as  rapidly  as  possible,  the 
ard  movement  being  controlled  by  the  brake, 
tube  was  lowered  into  the  casing  in  27  seconds.  In  10  minutes 
vrater  slightly  warm.  A  full  head  of  water  was  turned  on,  the 
w  was  then  cold  and  so  kept  to  the  end.  A  three-fourths  inch 
y  perforated  iron  pipe  was  bent  so  as  to  encircle  the  casing  near 
i  and  water  admitted. 

radial  jets  cx)oled  the  upper  end  more  rapidly  than  the  rest  of  the 
nd  caused  it  to  bind  there  first.  The  fire  was  allowed  to  burn 
ind  water  applied  to  extinquish  it. 

muzzle  end  of  the  tube  was  found  to  be  quite  warm  on  the  out- 
on  after  the  casing  was  set. 

p.  m.  pit  uncovered,  fire  completely  extinguished,  casing  and 
end  of  tube  allowed  to  cool  gradually. 

.55  p.  m.,  water  turned  oft' perforated  outeide  pipe  and  partially 
off  in  tube,  until  it  was  found  that  the  water  was  getting  warm, 
uU  pressure  was  let  on  and  maintained  until  tube  and  casing 
down. 

.55  p.  ro.,  casing  but  slightly  warm,  upper  part  of  tube  cold, 
vrater  cold. 

gun  was  hoisted  from  pit,  laid  on  floor,  water  emptied  from  tube, 
iped  and  oiled. 


4 


n 

r 


I 


310 


REPORT  OF  THE  CHIEF  OF  ORDNANCE. 


SHRmEINa  ON  STEEL  JACKET. 

The  jacket  was  placed  breech  end  down  on  an  iron  ring  supported  bj 
brick  laid  upon  the  foundry  floor,  surrounded  by  a  boiler-iron  casing, 
and  the  space  between  filled  half  way  to  the  top  with  shavings  and 
wood.  Top  of  jacket  closed  to  keep  out  dust,  and  pyrometer  insert^ 
axially.  The  gun  was  fitted  with  cooling  arrangement  same  as  in  seooDd 
trial  for  insertion  of  tube,  and  suspended  from  a  crane. 

Details,— July  1, 8.30  a.  m.,  fire  lighted,  and  wood  added  from  time  to 
time;  10.07  a.  m.,  pyrometer  indicated  550°;  10.08  a.  m.,  gun  ready  for 
lowering;  Kfi"  9"  25*  a.  m.,  gun  lowered  into  jacket;  10^  9"  52»  a.  m., 
gun  in  jacket  (lowered  in  27  seconds);  water  applied  to  exterior  near 
top  of  jacket  at  once  through  perforated  pipe  for  one  minute;  water  off, 
three  minutes;  water  on,  three  minutes;  water  off,  ten  minutes,  theo 
applied  continually  till  10.48  a.  m.;  10.57  a.  m.,  gun  lifted  from  flask; 
11.20  a.  m.,  gun  laid  on  floor,  breech  still  quite  hot;  oil  with  which  casing 
was  covered  oozing  out,  due  to  shrinkage.  Cold  water  kept  ranning 
through  tube  till  gun  cooled. 

SHRINKING  ON  TRUNNION  BAND. 

This  was  done  similarly  to  the  jacket  except  it  was  in  the  open  air. 

July  23,  1884, 1  p.  m.,  fire  lighted;  1.40  p.  m.,  expanded  sufiScieDt  to 
admit  gauge;  1.45  p.  m.,  band  removed  from  flask;  1.47  p.  m.,  hand  on 
gun-lathe  horizontal;  1.50  p.  m.,  clamps  applied  to  draw  band  op  to 
shoulder.  Band  expanded  0.''25  diametrally  more  than  necessary;  1.53 
p.  m.,  water  turned  on  exterior  of  band  sprinkler  did  not  operate  well, 
and  watering  pot  substituted;  1.58  p.  m.,  hose  used  to  pour  water  over 
exterior  on  one  minute;  2.10-2.14  p.  m.,  water  on  rear  end  of  band;  2.U 
p.  m.,  water  oft';  2.15  p.  m.,  water  on  front  end  of  band;  2.25-2.27 p. in., 
water  on  casing  in  rear  of  band;  2.30  p.  m.,  water  off";  2.31  p.  m.,  band 
cool  except  trunnions;  water  turned  on  over  whole  surface  of  ring; 
steel  jacket  in  rear  of  ring  too  hot  to  bear  hand  any  length  of  time; 
2.34  p.  m.,  could  bear  hand  on  band;  3.00  p.  m.,  still  very  warm,  left  to 
cool. 

The  gun  was  finished,  assembled,  and  turned  over  to  the  Ordnance 
Department  for  inspection. 

For  detailed  dimensions  I  would  respectfully  refer  to  the  inspection 
report  forwarded  herewith,  and  forming  part  of  this  report. 

The  whole  superintendence  of  this  conversion,  according  to  thetemtf 
of  the  contract,  devolved  upon  the  inventor,  Mr.  Mann,  who  was  preseot 
almost  constantly,  and  an*anged  every  detail. 

Report  of  inspection  and  proof  of  6.5-i»cA  Mann  breech-loading  rifle  No,  1,  fahricatdy^ 
the  South  BoBton  foundry  f  under  contract  of  Chief  of  Ordnance,  U.S.A.,  dated  JuiS^** 
1883. 


Subject  of  measnremeot. 


Total  length  of  gun 

Total  length  of  tube 

Length  of  rifled  part 

Length  of  chamber 

Length  of  frustnm  in  front  of  chamber 
Length  of  fniatnm  in  rear  of  chamber. 

Diameter  of  bore  across  lauda 

Dfameter  of  bore  acrnaa  groovea 

Width  at  grooves  and  lauda 


Dimensiona. 

Vari^*- 

acta«L 

Prescribed. 

Actual. 

-      J 

—  —  —  — 



Inehet. 

Inches. 

230.75 

236.75 

204. 

204. 

16&5 

leas 

% 

34. 

34. 

0.75 

0.75 

' 

0.75 

0.76 

0 

6l5 

6.5 

6.7 

6.691 

.7854 

.7854    , 
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nspection  and  proof  of  6.5-iticA  Mann  breeoh-loading  rifie  No.  l,  4^0. — Cont'd. 


Subject  of  meaauren^eiit. 


'▼ee 

oovBH  and  Lindi  . . 
A  with  radius  of 


hamber 

9W-faead  

Lndoj  from  screw-head  to  bell-mouth 

l-mouth 

•month 

inder  in  fhratof  month 

«  from  end  of  casing  to  mnzsle 

eter  of  tube  Arom  end  of  sorew-head  to  bell- 


l  diameter  of  bore  of  casing 

5  shrinkage 

eter  of  tube  at  cylinder  in  fttmt  of  bell-month. 

iH;k  of  muzzle 

nrell  of  muzzle ■ 

lUet 


ing 

ess  for  retaining  ring 

1-month  from  casing.-.     

tube  and  casing  at  bell-mouth 

of  recess  for  retaining  ring* 

*of  retaining  ring* 

cpiay* • 

r  of  recess  for  retaining  ring* 

'r  of  retaining  ring* 

5  play 

kining  ring 

end  of  rin((  and  shoulder  of  casing  . . 
r  on  retaining  ring  (threads  per  inch) 
ket 


Dimensions. 


Prescribed. 


vring  surface  for  Jacket  on  exterior  of  casing. 

n>iay  

rt«-r  of  Jacket 

I  diameter  of  easing 

(shrinkHgo. 

eter  of  jacket  at  rear • 

iter  of  nrst  shoulder  of  trunnion  ring 

I  diameter  of  casing 

\  shrinkage 

iter  of  second  shoulder  of  trunnion  ring 

;  diameter  of  casing 

I  shrinkage 

iter  of  third  shoulder  of  trunnion  ring 

r  diameter  of  casing 

;  shrinkage 

Iter  of  fourth  shoulder  of  trunnion  ring 

I  diameter  of  casing 

[Shrinkage 

n  of  four  shoulders 

nninn  band 


runnions 

union 

ireen  rim  bases 

ireen  faces  of  trunnions 

muzzle  to  trunnions 

nn  In  rear  of  Unnnions 

)  straps 

lide  straps 

earinir  wv  loading- trunnion 

.me  from  front  end  of  strap 

*ing  trunnion  from  end  of  strap 

'ing  trunnion 

D£  trunnion 

die  bearing 

le  beaiing 

.me  from  end  of  strap 

inion-shaft  bearing 

me  t)elow  longitudinal  axis  of  strap. 

me  from  front  end  of  strap 

Use 


me  from  rear  end  of  strap 

p  over  bearing  for  loading  trunnions. 


Inehta. 
.1 
20. 
.06 
in60cal. 
6.82 
9. 
11&75 
6.5 
1& 
.76 


1L25 
1L26 

0 

14.7 
11.875 
14. 
11. 
135. 

9. 

6l5 

0 
15.25 
15.26 

0 

14.25 
14.25 

0 

9. 

0 

1. 
55.5 
55.5 

0 
21. 

21.021 
.021 
28.5 
23.875 
23.898 
.023 
23.25 
23.273 
.023 
22.625 
22.647 
.022 
22. 

22.022 
.022 

3.25 
13. 

6.5 

4.25 
20. 
37.5 
136. 
25.25 
107.25 

4.25 

6.6 
11.25 
34.25 

7. 

3.5 

5. 

1.25 
68. 

1.75 

1.5 
82.625 
10.25 

6i5 
13.875 
1& 


Actual. 


Inehet, 
.955 
26. 
.05 
linOOcal. 
6.815 
9. 
115.76 
6.5 
1& 
.75 


11.242 
11.246 

0 

14.7 
11.375 
13.954 
10.993 
135. 

9. 

6.5 

0 
15.25 
15.25 

0 

14.25 
14.25 

0 

9. 

0 

1. 
55.47 
55.5 
.03 
21. 

21. 018 

.018 

28.494 

23.873 

23.892 

.019 

23.25 

23.276 

.026 

22.626 

22.647 

.021 

21.998 

22.023 

.025 

3.25 
13. 

6.5 

4.25 
29. 

37.52 
136. 
24.959 
107. 1875 

4.26 

6.51 
11.25 
34.1226 

6.995 

3.5 

6. 

1.25 
68. 

1.75 

1.5 
82.625 
10. 21875 

6.5 
13.875 
18.125 


Variations- 
actual. 


-.045 

0 

0 

0 

—.005 

0 

0 

0 

0 

0 

0 

-^008 

-.004 

0 

0 

0 

—.046 

—.007 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

-.03 

0 
t+.03 

0 

—.003 

-.003 

—.006 

-^002 

-.006 

-.004 

0 
.003 
.003 

-i-uOOl 

0 

-.001 

—.002 

4-.  001 

+.003 

0 

0 

6 

0 

0 

+.02 

0 

—.291 

^0625 

0 

+.01 

0 

-.1276 

-.005 

0 

0 

0 

0 

0 

0 

0 

—.03126 

0 

0 

+.125 


t 


1  fit,  surface-ground. 

,  in  cooling,  contracted  abont  this  amoant.    The  Interyal  was  ^ledVn'b^  cxo^^Vut^. 
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Report  of  inspection  and  proof  of  6.h-inoh  Mann  hreech-loading  rifle  Xo.  1, 4"^, — Cont'd. 


Snbjeot  of  measarement. 


Same  between  firing  and  loading  tmnnions 

Same  over  firing  tmnnions 

Same  between  firing  trunnions  and  moriiise 

Same  over  mortise 

Length  of  cvlindric^  part  of  transom 

Diameter  of  same 

I/engthof  body  of  transom 

Thickness  of  same 

Length  of  tenon  of  transom 

Thickness  ot  same 

Width  of  same 

Distance  between  shoolders  of  transom 

Length  over  all 

Diameter  of  breech-screw  over  top  of  threads 

Same  over  bottom  of  threads 

Pitch  of  screw  (threads  per  inch) 

Length  of  thread 

Length  of  bearing  for  tappet-lever 

Diameter  of  same 

Diameter  of  breech-block  in  front 

Diameter  of  same  in  rear 

Length  of  breech-block 

Depth  of  loading  dot  inft^ont 

Same  in  rear     

Width  across  ton  of  slot 

Width  of  block  between  pinions , 

Distance  between  pinions 

Clea  lance 

Diameter  of  pinion  shaft 

Diamuter  of  same  in  side  straps 

Side  of  square  for  crank 

Total  length 

Length  between  shoulders 

Length  of  part  in  side  straps 

Length  of  crank  bearing 

Length  of  crank  between  centers 

Length  of  handle 

Diameter  of  pinions 

Length  of  hub 

Length  of  teetii    

Number  of  teeth 

Width  of  rack 

Length  of  rack 

INumber  of  teetii  in  rack 

Width  of  saddle        

Width  of  same  in  side  straps 

Distance  between  lugs 

Thickness  of  lugs 

Depth  of  same 

Width  of  same   

Diameter  of  pin-holes    

Length  of  link 

Thickness  of  same i 

Width  of  same 

Length  of  slot 

Len  gth  of  bracket 

Width  of  same 

Length  of  tappet-lever 

Length  of  handle  of  same 

Diameter  of  vent 

Distance  of  exterior  opening  to  left  of  axis  of  gun 
Distance  of  same  from  breech  of  casing 


Dimensions. 


Prescribed. 


ActoaL 


Variatioiis— 
actoaL 


Inehet. 
1L25 
15.5 
11.25 
18.5 
17. 
16.5 

n.5 

9. 

4.25 

8.5 
10.25 
29. 
37.5 

8.25 

7. 
.8 
1& 

2.75 

7. 

28.5 
16.5 
10. 

6.75 

5.50 

7.4 

8.75 

9. 
.125 

2. 

1.76 

L375 
47. 
29. 

6.75 

2.75 
15.5 

6. 

4.815 

2.82 

2. 
13. 

2. 

13.25 
13. 

3.5 

5. 

1.25 
.76 

4.25 

3. 

1.25 
18.625 

1.25 

8. 
11.25 

5. 

6.25 
20.5 

4.875 
.2 

4.45 

3.5 


InehsM. 
11.2 
15.5 
1L25 
18.5 
17.1 
16.5 
1L5 

9. 

4.25 

6.5 

10. 21875 
29.03 
37.5 

8.25 


.8 
I& 

2.75 

7. 

2&5 
16L45 
10.08 

6.8 

5.437 

7.38 

8.75 

9. 
.125 

1.90 

1.72 

1.41 
46l75 
20. 

6l5 

2.75 
14.5 

6. 

4.815 

2.82 

2. 
18. 

2. 

13.25 
18. 

3.375 

5. 

1.27 
.77 

4.30 

3. 

1.25 
18.625 

1.25 

3. 
11.25 

a 

6.25 
20.9 
5. 

.2 
4.45 
3.5 


—.05 
0 
0 
0 

-}-.l 
0 
0 
0 
0 
0 

-^031S 
•f.OO 
0 
0 


0 
0 
0 
0 
0 
-.05 


0 
0 
0 


+. 


08 
05 
OU 
03 


01 
03 
OSS 
2S 


— 1. 
0 
0 
0 
0 
0 
0 
0 
0 

—.125 
0 

-h.OJ 

-.02 

05 

0 
0 
0 
0 
0 
0 
0 

4-. 

0 
0 
0 


t; 


4 

IS 


WEIGHTS-COMPONENT  PARTS. 

Poun4M. 

Tube  and  casing  complete 17,275 

Two  siile  straps 3. 285 

Transom 1,9S7 

Breech-block 4«5 

Breech-screw 275 

Tappet  lever «7 

Brass  washei  and  breech-screw 0 

Bolt  for  breech-screw ^5 
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Poundi, 

Saddle  with  lags «8 

W^imr  bolts  for  saddle 8 

P^  in  Inn  of  saddle !•& 

Bucket 18 

Plain  bnwket 1.5 

Unk 14 

Pinion  dliAffc 8* 

Two  ermnks  for  same 17 

Two  pinions 18 

Twoaegmental  gears -. 18 

Two  brass  washers  on  tnumions  of  tnbe 10 

Sight  bolts  for  same , 8 

Two  brass  plates  on  ten  nons  of  transom 20 

Sl^t  bolts  for  same 8 

Mnl  weight  of  gon 22,904.5 

Pnoonderanoe : 

Breech  preponderanoe  on  loadine  tmnnions 298 

Mttssle  preponderanoe  on  filing  trunnions 2»  213 

I  eertify  tJiat  the  foregoing  report  is  correct. 

D.  A.  LTLE, 
Captain  qf  Ordnance,  Intpeetor. 
▲u«UflT  7, 1884. 
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REPORT  OF  MECHANICAL  TESTS,  MADE  WITH  IRE  UNITED  8TATE8 
TESTING  MACHINE,  CAPACITY  800,000  POUNDS,  AT  W A TERTOWN  AR- 
SENAL, MASS.,  FOR  THE  ORDNANCE  DEPARTMENT,  U.  S.  ARMY,  WASH- 
INGTON,  D.C. 

TESTS    BY    TENSION:    SIX    SPECIMENS  OF    WHIT  WORTH    STEBL   FBOK 

TUBE  OF  MANN  GUN. 

June  4,  1884. 

Sketch  shnwing  pontian  of  samples  taken  from  sector  of  ittbe  of  Mann  gun. 
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No.  298. 


■^  ^_  __   <^rf 


. 


W.  T. 


[Mark  on  bar,      \     ;  diameter,  .564  inch ;  sectional  area,  .25  square  inch.] 


Applied  loads. 


Total. 


Pounds. 

250 
1.2S0 
2.500 
3.750 
5,000 
8,250 
7,500 
8,750 
10.000 
10.250 
10,500 
10.750 
11.000 
11,250 
11,500 
11,750 
12,000 
12.250 
12,500 
12,750 
13.000 
13.250 
13,500 
13,750 
14,000 
14.250 
14,500 
14.750 
15,000 
15.250 
15,500 
15,750 
18.000 
18.250 
16,500 
16,750 
17,000 
17,250 
17,500 
18,000 
18,500 
19,000 
19,500 
20,000 
20.500 
21.000 
21,500 
22,000 
22,500 
23,000 
23.500 
24.000 
24,500 
25,000 
25,500 
25,980 
23,900 


Per 

square 

inch. 


Poundi. 

1,000 
5,000 
10,000 
15,000 
20,000 
25,000 
30,000 
35.000 
40.000 
41,000 
42,000 
43,000 
44,000 
45,000 
46,000 
47,000 
48,000 
40,000 
50,000 
51.000 
52,000 
53,000 
54.000 
55,000 
56.000 
57,000 
58,000 
50,000 
60,000 
61.000 
62,000 
63,000 
64.000 
65,000 
66,000 
67,000 
68,000 
69,000 
70.000 
72,000 
74,000 
76.000 
78,000 
80,000 
82,000 
84,000 
86,000 
88,000 
90,000 
92,000 
94,000 
96,000 
98,000 
100.000 
102,000 
103,920 


Elonga- 
tion  per 
inch. 


Inch. 

0. 
.000200 
.000400 
.000700 
.000750 
.001000 
.001150 
. 001200 
.001400 
.001500 
.001500 
.001550 
.001550 
.001600 
.001600 
.001650 
.  001700 
.001750 
.001800 
.001900 
. 001950 
.002000 
.002100 
.002200 
.002350 
.002400 
.002550 
.002700 
.002950 
.003200 
.003600 
.004000 
.004750 
.  005200 
.006000 
.006600 
.007500 
.008350 
. 009500 
.010950 
.  013500 
.015250 
.  017150 
.019400 
.021850 
.024400 
.027150 
.030000 
.033550 
.0350 
.0375 
.0150 
.0550 
.0650 
.0775 
.1200 


Snoces- 
sive  elon- 
gation 
per  inch. 


Inch, 

0. 
.000200 
.000200 
.000300 
.  000050 
.000250 
.000150 
.000050 
.000200 
.000100 

0. 
.000050 

0. 
.000050 

0. 
.000050 
.000050 
.000050 
.000050 
.000100 
.000050 
.000050 
. 000100 
.000100 
.000150 
.000050 
.000150 
.000150 
.000250 
.000250 
.000400 
.000400 
. 000750 
.000450 
.  000800 
.000600 
.000900 
.000850 
.001150 
. 001450 
.002550 
.  001750 
.001900 
.0022.50 
.  002450 
.  0O2.'S.'M 
.002750 
.002850 
.  003550 
.  001450 
.0025 
.0075 
.0100 
.0100 
.  0125 
.0425 


Perma- 
nent set 


Inch. 

0. 

0. 
.000060 
.000100 
.000150 
.000150 
.000150 
.000150 
.000150 


.000150 


.000250 


000450 


001100 


002950 


006850 


Sacces- 

sive  per- 

manent 

set. 


Inefi. 

0. 

0. 
.000050 
.000050 
.000050 

0. 

0. 

0. 

0. 


0. 


.000100 


000200 


000650 


001850 


003900 


Remarks. 


Initial  load. 


Elastic  limit. 


Micrometer      re- 
moved. 


Ultimate  strength. 
Load  at  time  of 
mpture. 
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GENERAL  SUMMARY. 


Speoiflo  gravity. 
Hiudnc 


Tensile  strength  per  square  inch  of  original  section ponnds 

Klaaticlimit  per  sauare  inch  of  original  section do. 

Elongation  perinon  after  rapture inch 

Elongation  per  inch  under  strain  at  elastic  limit do. 

Bedaction  in  diameter  at  point  of  rupture do- 

Bednotion  in  area  after  rupture,  per  centum  of  original  section 

Position  of  rupture one-half  inch 

Character  of  hroken  surface fine  granular  with  silvery  luster ;  small  doll  spot 


101, » 
aifll 


Mil 


No,  299. 


W   T 
[Mark  on  bar,        »    •  ^^^^^^^^^i -^^  ^°^^  •  sectional  area,  .25  square  inch.] 


Applied  loads. 


Total 


Pound*. 
250 
1,250 
2,500 
8,750 
6,000 
6,260 
7.600 
8.750 
10.000 
10,250 
10,500 
10.760 
11,000 
11,250 
11,600 
11,750 
12,000 
12,250 
12,500 
12,750 
13.000 
13,250 
13.600 
13, 760 
14.000 
14,250 
14,600 
14,750 
15^000 
15,250 
15,600 
16,750 
16,000 
16,250 
16,600 
16.750 
17.000 
17,250 
17,500 
18,000 
18,500 
19,000 
19,600 
20,000 
20.500 


Elonga- 

Per 

tion  per 
inch. 

square 

inch. 

Pounds. 

Inch. 

1.000 

0. 

6,000 

.000100 

10,000 

.000350 

16,000 

.000600 

20,000 

.000700 

26.000 

.000900 

30.000 

.  001050 

35,000 

.001250 

40.000 

.001600 

41,000 

.  001650 

42.000 

.001600 

43,000 

.001650 

44,000 

.001700 

46,000 

.001750 

46,000 

.001800 

47,000 

.001850 

48,000 

.001900 

49,000 

.001950 

60,000 

.002000 

51  000 

. 002150 

62,000 

.002250 

63.000 

.002300 

54,000 

.002400 

55,000 

.002500 

56.000 

.002700 

67,000 

.002800 

58,000 

.002900 

50,000 

.003050 

60,000 

.003200 

61,000 

.003550 

62,000 

.004050 

63,  000 

.  004250 

64,000 

.005050 

65,000 

.005700 

66,000 

.006250 

67,000 

.006900 

68.000 

.007950 

69.000 

.008600 

70,000 

.009800 

72,000 

. 011300 

74,000 

.  013400 

76,000 

.015500 

78,000 

.  017650 

80,000 

.020050 

82,000 

.0220SO 

Succes 
sive  elon- 
gation 
per  inch. 

Perma- 
nent set. 

1 

1 

Succes- 
sive per- 
manent 
set. 

Inch. 

0. 
.000100 

Inch. 

0. 

0. 

0. 

0. 

0. 

0. 
.000060 
.000050 
.000150 

Inch. 
0. 

.000250 

.000250 

.000100 

.000200 

.000150 
.000200 
.000250 
.000050 

.000050 

0. 
.000100 

.000050 

.000050 

.000050 

'.*  000300 

.000050 
.0000.50 

.000160 

.000050 

.000050 

.000050 

.000050 
.000150 

.000350 

.000050 

.  000100 

.000050 

.000100 

.000100 
.000200 

.000750 

.000400 

.000100 

.  000100 

.000150 

.000150 
.000350 

.001800 

.000550 

.000500 

.000200 

.  000800 

.000650 
.000550 

.003350 

.002050 

.000660 

.001050 

.000650 

.001200 
.001500 

.007260 

.003900 

.002100 

.  002100 

.002150 

.002400 

.WI^iWM 

i .,, 

Remarks. 


Initial  load. 


Elastic  limit. 


Rested  under  ini- 
tial load  one  hour. 
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Applied  loada. 


ToUl. 


Pounds. 

21.000 
21,500 
22,000 
22.500 
23.000 
23,500 
24,000 
24,500 
25.000 
25,500 
25,600 
23,800 


Per 

square 
inch. 


Toundi. 

84,000 

88,000 

88,000 

90.000 

02,000 

94,000 

98.000 

98,000 

100,000 

102,000 

102, 760 


Elonga- 
tion per 
inch. 


Inch. 

.024800 

.028000 

.031000 

.034800 

.0400 

.0450 

.0500 

.0575 

.0700 

.0850 

.1200 


Snccess- 
ive  elon- 
gation 
per  inch. 


Inch. 
.002750 
.003200 
.003000 
.003800 
.0052 
.0050 
.0050 
.0075 
.0125 
.0150 
.0350 


Perma- 
nent set. 


Hnooees- 
ive   per- 
manent 
set. 


Remarks. 


Inch. 

Inch. 

• 

1 

Micrometer 
moved. 


re- 


Ultimate  strength. 
Load  at  time  of 
mptaro. 


OEKBRAL  SUMMARY. 

8pecill«  sravity 7.8067 

OtfdneM 24.12 

T«iwO«  strength  persqnare  inch  of  original  section ponnds..  102,760 

Slaatio  limit  per  saoareinch  of  original  section do 54,000 

JDongatioii  perincn  after mptnre inch...    0.1675 

BoeiSKtion  per  inch  nnder  strain  at  elastic  limit do 0024 

B«daetion  in  diameter  at  point  of  mptnre do 104 

Baduction  in  area  after  mptare,  per  centum  of  original  section 88.6 

Position  of  rapture one-half  inch  firomneck. 

Cbameter  of  broken  snrikce fine  granular,  silvery  luster ;  dull  spot  at  circumference  of  brokea 

surface. 


No.  300. 


[Mark  on  bar,     o     ;  diameter,  .564  inch ;  sectional  area,  .25  square  inch.] 


Applied 

loads. 

- 

~ 

Elonga- 
tion per 

Per 

inch. 

Total. 

1 

square 
inch. 

Pounds. 

Poundt. 

Inch. 

250 

1.000 

0. 

1.250 

5,000 

.000100 

2,500 

10,000 

.000200 

3,750 

15.000 

.000450 

5.000 

20,000 

.000550 

6,2.50 

25.000 

.  000600 

7,500 

:)0,  uoo 

.000800 

8.750 

.15, 000 

. 001000 

10,000 

40,000 

.001200 

10,250 

41.000 

.001250 

10,500 

42,000 

.001300 

10,750 

43.000 

.  001300 

11,  OIK)  1 

44,000 

.001350 

11.  2^  ' 

45,000 

.  001350 

11.500 

46,000 

.001400 

11, 750  i 

47,000 

. 001400 

12,000 

48,000 

.  001450 

'   Succes- 
sive elon- 
1    gation 
I  per  inch. 


Perma- 
nent set 


Inch. 

0. 
.000100 
.000100  ' 
.000250  f 
.000100  i 
.  000050 
.000200  , 
.000200 
.000200 
.000050 
.000050 

0. 
.000050 

0. 
.000050 

.000050  ' 


Inch. 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 


Succes- 
sive per- 
manent 
set. 


Inch. 
0. 


Remarks. 


Initial  load. 
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Applied  loads. 


Per 
Total,    j   square 
'     Inch. 


Pound: 
12,250 
12,500 
12,750 
13,000 
13,250 
13,500 
13,750 
14,000 
14.250 
14,500 
14,750 
15,000 
15,250 
15,500 
15, 750 
16,000 
16,290 
16,500 
16,750 
17,000 
17,250 
17,500 
18,000 
18,500 
19,000 
19,500 
20,000 
20,500 
SI,  000 
21.500 
22.000 
22,500 
23,000 
23,500 
24,000 
24,500 
25,000 
25,500 
26,000 
26,500 
26,640 
24,900 


Pwtndt. 
49,000 
50,000 
51,000 
52, 000 
53,000 
54,000 
55,000 
56.000 
57.000 
58,000 
59,000 
60,000 
61,000 
62.000 
63.000 
64,000 
65,000 
66,000 
67,000 
68,000 
69.000 
70,000 
72,000 
74,000 
76,006 
78,000 
80,000 
82,000 
84,000 
86,000 
88,000 
90.000 
92,000 
94,000 
96,000 
98.000 
100,000 
102,000 
104,000 
106,000 
106,560 


Elonga- 
tion per 
incn. 


Inch, 

.001450 

.001500 

.001600 

.001650 

.001700 

.  001750 

.001800 

.002000 

.002200 

. 002250 

.002350 

.  002500 

.002550 

.002750 

. 003100 

.003450 

.008900 

.004400 

.005050 

.  005900 

.006350 

.006950 

.008550 

. 01U850 

.  013000 

.  014350 

.016500 

.018500 

.020850 

.023200 

.025800 

.028750 

.030950 

.034900 

.038250 

.0425 

.0500 

.0600 

.0650 

.0875 

.1225 


Sncceaa- 
ive  elon- 
gation 
per  inch. 


Inch. 

0. 
.000060 
.000100 
.000050 
.000050 
.000050 
.000050 
.000200 
.000200 
.000050 
.000100 
.000150 
.000050 
.000200 
.000350 
.000350 
.000450 
.000500 
.000650 
.000850 
.000450 
.000600 
.001600 
.002300 
.002150 
.001350 
.002150 
.002000 
.002350 
.002350 
.002600 
. 002950 
.  002200 
.003950 
.003350 
.004250 
.0075 
.0100 
.0050 
.0225 
.0350 


Perma- 
nent set. 


Inch. 


Success- 
ive  per- 
manent 
set. 


Inch. 


.000050 


.000050 


Remarks. 


.000300  I    .000250 


.000700 


.000400 


.001800 


.  001100 


Ebuitio  limit. 


.  005100  i    .  003300  ; 


Micrometer 
moved. 


re 


Ultimate  strength. 
Load  at  time   of  , 
rupture. 


GENERAL  SUMMARY. 


Speoiflo  gravity 

l^ffdness 

Tensile  strength  per  square  inch  of  original  section pounds 

Slastic  limit  per  square  inch  of  original  section do.. 

Elongation  per  inch  after  rupture inch 

Elongation  per  inch  under  strain  of  eluHtic  limit ...do. . 

Reduction  in  diameter  at  point  of  niptui"e    do.. 

Reduction  in  area  aftor  rupture,  per  centum  of  original  section 27.1 

Position  of  rupture three-fonrtha  inch  from  ne^ 

Character  of  broken  surface  granular,  silvery  luster,  with  dull  spots  near  the  centtr. 


mm 

56^  ON 
.OfU 


No.  301. 


S'* 


_ 

■^    ■-  ^^    ^^    .^^m     u 
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W.  T. 


[Mark  on  bar      '^     ;  diameter,  .064  inch ;  sectional  area,  .25  square  inch.] 


Applied  loads. 


Total. 


Paundt. 
260 
1,250 
2,600 
3,750 
5.000 
6.250 
7.500 
8,760 
10,000 
10,250 
10.500 
10.750 
11,000 
11,250 
11,500 
11.750 
12,000 
12,250 
12,500 
12.750 
13,000 
13.250 
13,500 
13,750 
14,000 
14,250 
14.500 
14.750 
15.000 
15.250 
15.500 
15.750 
16.000 
16,250 
16,600 
16.750 
17.000 
17.250 
17,500 
18.000 
18,500 
19.000 
10.500 
20.000 
20.500 
21.000 
21.500 
22.000 
22.500 
23.000 
23.500 
24.000 
24.500 
25,000 
25,500 
25,960 
23,000 


Per 

square 

inch. 


Poufids. 
1.000 
5,000 
10,000 
L^OOO 
20,000 
25.000 
30,000 
35.000 
40.000 
41,000 
42,000 
43.0C0 
44,000 
45,000 
46.000  I 
47,000  ' 
48,000 
49,000  I 
50,000  I 
51,000  I 
52,000  I 
53,000  ' 
54,000  I 
55,000  ' 
56,000 
67,000 
58,000 
50,000 
60,000 
61,000 
02,000 
63,000 
64.000 
65,000 
66,000 
67.000 
68.000 
60,000 
70,000 
72,  000 
74.000 
76,000 
78,000 
80,000 
82,000 
84,000 
86,000 
88.000 
90,000 
92,000 
94,  000 
96,000 
98,  000 
100.  000 
102.000 
103,840 


Elonga- 
tion per 
inch. 


Inch. 

0. 
.OOOOiU) 
.  000200 
.000300 
.000300 
.000600 
.000800 
. 001000 
.  001100 
.001100 
.001150 
.001150 
.001200 
.001250 
.001300 
.001350 
.001400 
.001450 
.001500 
.001600 
.0016.')0 
.001700 
.001750 
.001800 
.  002100 
.002250 
.  002350 
.002500 
.003100 
.003500 
.004000 
.004550 
.006450 
.005950 
.006950 
.007550 
.008600 
.009350 
.010450 
.0121.50 
.014000 
.  0162.'>0 
.  018250 
.020600 
.022600 
.025600 
. 028150 
.  030700 
.  034600 
.  038300 
.  (H:j200 
.  048200 
.  0525 
.0675 
.  OT-jO 
.  0800 


Sacces- 
sive  elon- 
gation 
per  inch. 


Inch, 

0. 
.000050 
.000150 
.000100 
.  000200 
.000100 
.000200 
.000200 
.000100 

0. 
.000050 

0. 
.000050 
.000050 
.000050 
.000050 
.000050 
.000050 
.000050 
.000100 
.000060 
.000050 
.000050 
.000050 
.000300 
.000150 
. 000100 
.000150 
.000600 
.000400 
.000500 
.000550 
.000900 
.000500 
.001000 
.000600 
.001050 
.000750 
.  001100 
.001700 
.  001850 
.002250 
.002000 
.002350 
.002000 
.003000 
.002550 
.002550 
.003900 
.003700 
. 004900 
.005000 
.0043 
.0150 
.0075 
.0050 


Perma- 
nent set. 


Inch. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 


Sncoes- 
sIto  per- 
manent 
set. 


Inch. 
0. 


.000100 


.000100 


.000100 


0. 


.000300 


.001300 


003850 


007850 


.000200 


.001000 


.002550 


.004000 


Remarks. 


Initial  load. 


Elastic  limit. 


Micrometer 
moved. 


re- 


Ultimate  strength. 
Load   at  time  of 
mptare. 


GENERAL  SUMMARY. 

Apwsiflc  gravity 7.8666 

Bardneea 26.78 

TeiMile  strength  per  square  inch  of  orijonal  section pounds..  103,840 

■la«tio  limit  per  square  inch  of  original  section  do 65, 000 

Blon^tion  per  inch  afterniptum    . inch..    0.1650 

Blonj[»tion  per  inch  under  strain  at  elastic  limit do 0018 

Badaction  in  diameter  at  point  of  rupture do 094 

Bednction  in  area  after  rupture,  per  centum  of  original  section 80.8 

Position  of  ruptope 70  inch  from  neck. 

Cti*ract«rof  broken  surface fine  granular,  aWvery  \\iatet  \  ^\]S\.c«ii\«t. 
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No.  302. 


U 




W.  T. 


[Mark  on  bar,      5';  diameter,  .564  inch;  aeotional  area,  .25  aqnare  inch.] 


Applied  loada. 

i      Per 
Total,    i    square 
I     inch. 


Poundn. 
250 
1,250 
2,500 
3,750 
5,000 
6,250 
7,500 
8,750 
10,000 
10,250 
10,500 
10.750 
11,000 
11,250 
11,500 
11,750 
12,000 
12,250 
12,500 
12,750 
13,000 
13,250 
13,500 
13,750 
14,000 
14,250 
14,500 
14,750 
15,000 
15,^50 
15,500 
15,750 
16, 000 
16,250 
16.500 
16. 750 
17, 000 
17, 250 
17,500 
18, 000 
18,  500 
19. 000 
19,500 
20,000 
20,500 
21,000 
21,500 
22,000 
22.500 
23,000 
23,500 
24,000 
24,500 
25,000 
25. 070 
22,900 


Poundi. 
1,000 
5,000 
10,000 
15,000 
20,000 
25,000 
30,000 
35,000 
40,000 
41.000 
42,000 
43,000 
44,000 
45,000 
46,000 
47,000 
48,000 
49,000 
50,000 
51,000 
52,000 
63,000 
54,000 
55,000 
66,000 
57,000 
58,000 
59,000 
60,000 
61,000 
62,000 
63,000 
64,000 
65,000 
66,000 
67,000 
68,000 
69,000 
70,000 
72, 000 
74. 000 
76, 000 
78,000 
80,000 
82,  000 
84,000 
86,000 
88,000 

m,  000 

92,  000 
94,  000 
96, 000 
98,  000 
loo,  000 
100, 280 


Elonjsa- 

tion  per 

incn. 


Ineh. 

0. 
.000050 
.000250 
.000400 
.000600 
.000700 
.000900 
.001050 
.001250 
.001250 
. 001300 
.  001300 
.  001350 
.  001400 
.001400 
.001450 
.001500 
. 001550 
.  001600 
.001750 
.001850 
.001950 
.002200 
.002350 
.002700 
.003200 
.003700 
.004250 
.005000 
.  005700 
.006500 
.  007100 
.008450 
.009000 
.009650 
.010250 
.  011650 
.  012250 
.  0135.W 
.  015100 
.  017450 
.019800 
.  022050 
. 024600 
. 027650 
. 030550 
. 033800 
.  037100 
.  043250 
.  047550 
. 053550 
.0000 
.  075O 
.  1000 
.1350 


Succes- 
bIyo  elon- 

ifation 
per  inch. 


Ineh. 

0. 
.000050 
.000200 
.000150 
.000200 
.  000100 
.000200 
.000150 
.000200 

0. 
.000050 

0. 
.000050 
.000050 

a 

.000050 

.000050 

.000050 

.000050 

.000150 

.000100 

.000100 

.000250 

.000150 

.000360 

.000500 

.000500 

.000550 

.000760 

.000700 

.000800 

.000600 

.  001350 

.000550 

.000650 

.000600 

.  001400 

.000600 

.  001300 

.  001550 

.002350 

.  002350 

.002250 

. 002550 

.  003050 

.  002900 

.  003050 

.  003500 

.  0061.50 

.  004300 

.  006000 

.  0064'i0 

.0150 

.  0250 

.0350 


Perma- 
nent set. 

Inch. 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

Sacoes- 
aive  per- 
manent 
set 

Inch. 
0. 

.  ... 

1 

.......... 

.......... 



1 

.000050 

.000050 

.000150 

.000100 

.000650 

.600566' 

1     '* 

.......... 



.003000 



.002350 

1 

.006550 
i 

.663556 

1 

' 

".010856 

.664366* 

•••.•.••.. 

1 

Remarks. 


Initial  load. 


Elaatio  limit. 


Micrometer 
moved. 


I  Ultimate  streugtki- 
I  Load  at  time  of 
fracture. 


GKNEKAL  SUMMARY. 

Speoiflo  gravity    

Uardness 

Tensile  strength  per  square  inch  of  oriiii nal  section pounds- . 

Elastic  limit  per  smiare  inch  of  original  8ection do... 

Elongation  per  incu  aft€>r  rupture inch., 

Elongation  per  inch  under  Ktrain  at  elnstic  limit do. .. 

Redaction  in  diameter  at  point  ol  vwptvire .do.  .- 

Reduction  in  ai  eu  af t^T  rupVuie,  v^'t  OAnvu\m  ot  ov'\?;\w»X  %ctWo\i    

Position  of  rnpture ^ <"-;c'"  ^^^hfroo 

Ciiftract4^r  of  broken  surface .^xx^-^xwvvJ^^  ^\\N1«s\^»^!«,^^ 


t 
^ 


1» 
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No.  303. 


1 


k  OB  bar,  ^'^-  '*  diameter,  .564  Inch ;  seotional  area,  .25  eqnare  Inch.) 


ed  loads. 


Per 
square 

mch. 


Pounds. 
1.000 
5,000 
10,000 
15,000 
20,000 
25,000 
30,000 
35,000 
40,000 
41,000 
42,000 
43.000 
44.000 
45,000 
46.000 
47,000 
4«,000 
49,000 
50,000 
51.000 
52,000 
53.000 
54,00U 
55.000 
56.000 
57,000 
68,000 
50,000 
60,000 
61.000 
62.000 
63,000 
64,000 
6.%  000 
66,000 
67,  (MM) 
68,000 
60,000 
70.000 
72,000 
74,000 
76,000 
78,000 
80,000 
82,000 
84,000 
86,000 
88,000 
00,000 
02,000 
04.000 
06,000 
08.000 
100,000 
100,440 


♦?I«  S;  •i'^e  •  »on 
*""   "^per  inch. 


Ineh. 

0. 
.000100 
.000250 
.000400 
.000650 
.000800 
.001000 
.001100 
.001300 
.  001300 
.001350 
.001400 
.001450 
.001500 
.001550 
.001600 
.  0411650 
.001700 
.001750 
.001800 
.001850 
.001900 
.  002O.'>0  i 
.002350 
.0026.50 
.002950 
.0u34.'>0 
.OOSO.'W 
.0045.'i0 
.005400 

.oa^oso 

.006060 

.007700 

.0083.'i0 

.009300 

.009000 

.  011050 

.011750 

.012000 

.014800 

.016000 

.010000 

. 021450 

.023700 

.026450 

.020550 

.032750 

.036450 

.030056 

.045450 

.051450 

.0600 

.0700 

.0000 

.1150 


Inch, 

0. 
.000100 
.000150 
.000150 
.000250 
.000150 
.000200 
.000100 
.000200 

.0 

.oooa'M 

.000050 

.000050 

.000050 

.000050 

.000050 

.000060 

.000050 

.000050 

.000050 

.000050 

.000050 

.000100 

.000300 

.000100 

.000300 

.000500 

.000600 

.000600 

.000850 

.000550 

.000700 

.001050 

.000650 

.000050 

.000600 

.001150 

.000700 

.001150 

.001000 

.002100 

.C02100 

.002450 

.002250 

.002750 

.003100 

.003200 

.003700 

.003500 

.005500 

.006000 

.008550 

.0100 

.0200 

.0250 


Pema- 
nentaet. 


Inch. 
0. 
0. 
0. 

0. 

0. 

0. 

0. 
.000050 
.000050 


.000050 


.000200 


.000600 


.002600 


006000 


.010260 


Saccea* 
aire  per- 
manent 
■el 


Inch. 
0. 


.000050 
0. 


0. 


.000150 


000400 


002000 


034000 


Remarka. 


Initial  load. 


Elaatio  limit 


,004250 


Ificrometer     ro- 
moTed. 


Ultimate  strength. 
Load  at  time  of 
raptnre. 


tD- 
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GSNSRAL  SUMMARY. 

AMolilo  giayi^ ..* 

Budnen — 

TtnaOe  8tren|(th  per  iqnare  inch  of  original  section pounds..      l(NI,Mt 

XImtUo  limit  per  Mnareinoh  of  originidseotion do  ...       SI,Mt 

KIODgBtion  per  incn  aftermpture inch..       SlIIB 

Xlongatioo  per  inch  ander  strain  at  elaatic  limit do Mf 

Sednotlon  in  diameter  at  point  of  mpture do IM 

Sednotion  in  area  after  mptnre,  per  centnm  of  original  seetion At 

Bosltion  of  roptore one-half  inchftm&ne^ 

Character  of  broken  surface fine  grannlar  silvery  luster,  daU  osater 

• 

TB8TS    BT    TENSION:  EIGHT    STEEL    SPECIMENS    FROM    FORaSS  FOE 

MANN  GUN. 

August  19, 1884. 
Betaininy  lUng^ 


Breech  Bbop. 
maHIOBd  2037 

— a?44^ 


maffted  80^8 » 


m: 


Side  SftrapB. 
marked  S028^ 
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"^^"^  1^^^^^—  «■ 


[MftrkB  on  bar,  ^^* ' ;  diameter,  .664  inch ;  sectional  area,  .25  sqnare  ineh.J 


Applied  loade. 


Total. 


Per 

square 
inch. 


Elonga- 
tion per 
inch. 


Sacces- 
sive  eloD< 

gation 
per  inch. 


Succes- 
Perma-  \  sive  per- 
nent  set.  i  manent  i 
set 


Remarks. 


Pounds.  Poundt. 

250  1,000 

1, 250  5. 000 

2, 500  10.  000 

3. 750  15.  000 

5, 000  20,  000 

6. 250  25.  000 

7. 500  30,  000 

7, 750  31. 000 

8. 000  32, 000 

8.250  33,000 

8. 500  34, 000 

8,750  35,000 

9, 000  36, 000 

9, 250  37,  000 

9,  500  38,  000 

9. 750  39, 000 

10.600  40,000 

10, 250  41, 000 

10. 500  42, 000 

10. 750  43,  000 

11,000  44.000 

11.250  45,000 

11,500  46,000 

11,  750  47,  000 

12, 000  48, 000 

12, 250  49,  000 

12,500  50,000 

12,750  51,000 

18, 000  52,  000 

13. 250  53. 000 

13. 500  54,  000 

13,750  55,000 

14, 000  56. 000 

14,250  57,000 

14.500  58.000 

14.760  59,000 

15, 000  60, 000 

15,250  61,000 

The  tensile  stress 

increased  .0022  inch 


14,250 
14.600 
H750 
15.000 
15,250 
IS,  500 
15^750 
18,000 
18,250 
18.500 
18.750 
17,000 
17,250 
17,500 
1«1000 
^J500 

^.500 
•?.000 

^1.000 
500 
000 
500 


57,000 
58,000 
59,000 
60,000 
61,000 
62.000 
63.000 
64.000 
65,300 
66,000 
67,000 
6a  000 
69.000 
70.000 
72,000 
74,000 
76.000 
78,000 
80.000 
82,000 
84,000 
88.000 
88,000 
90.000 


Inch. 

0. 
.000133 
.000267 
.000400 
.000567 
.000733 
.000933 
.000967 
.001000 
.001000 
.001033 
.001067 
.001133 
.  001167 
.  001200 
.001233 
.  001267 
.001300 
.001333 
.  001367 
.001400 
.001400 
.  001433 
.001467 
.001500 
.001533 
.001600 
.001633 
.001067 
.  001700 
.001733 
.001767 
. 001800 
.001833 
.001900 
.001933 
.002033 
.002067 
feU  4. 000 
per  inch. 
.004267 
.006767 
.  012300 
.012333 
.012700 
.013967 
.  015033 
.  015767 
.010900 
.018367 
.0192117 
.020733 
.  021733 
.023667 
.036007 
.029667 
.033500 
.0373.13 
.042.133 
.051700 
.055700 
.  066667 
.0833 
.1133 


Inch. 

0. 
.000133 
.000134 
.000133 
.000167 
.000166 
.000200 
.000034 
.000033 

0. 
.000033 
.000034 
.000066 
.000034 
;  000033 
.000033 
.000a34 
.000033 
.  000033 
.000034 
.000033 

0. 
.000033 
.000034 
.000033 
.000033 
.000067 
.000033 
.000034 
.000033 
.000033 
.000034 
.000033 
.000033 
.000067 
.000033 
.000100 
.000034 


Inch. 
0. 
0. 

a 

0. 
0. 
0. 
0. 


Inch. 
0. 


IniUal  load. 


0. 


000033 


.000033 


.000067 


.000067 


.000033 


0. 


000084 


0. 


Blaatio  limit. 


pounds  per  square  Inoh.  while  the  elongation 


.002200 
.002500 
.005533 
.000033 
.000367 
.001267 
.001066 
.000734 
.  001133 
.001467 
.000900 
.001466 
.001000 
.001934 
.002300 
.003700 
.003^33 
.003833 
.OO.'iOOO 
.009367 
.004000 
.010067 
.016683 
.0300 


014267 


020733 


.014200 


000466 


Micrometer   ra* 

moved. 
TJltlmaitA  atNni^^J 


\ 
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GENERAL  SXTHH ART. 

SpatfUlo  giATity 7.1 

BLftrdoAM Mi9 

T«iMi1estrnijrth  per  eqiuire  inoh  of  original  section poniids..     1 

BiMtiolimit  per  sqaare  inch  of  original  seotion do...      t 

Slongfttion  per  inoh  after  rupture ^..tnch..  0. 

Uongation  per  inch  under  strain  at  elaeticlimit do...     . 

Bednotion  in  diameter  at  point  of  mptnre do...     . 

Seduction  in  area  after  rupture,  per  oentum  of  original  section 

Position  of  rupture 75  inoh  fken 

Character  of  broken  surface silky ;  contains  spots  of  diflbrent  colors ;  firactared  obli 

Xlongation  of  inch  sections 11  inch.  .13  inoh  (.21  inoh  flraetnred  sc 


No.  395. 


— y^p     I         I        |W 


^ 


B.  H 


(Harks  on  bar  ^£'2;  diameter,  .564  inoh ;  sectional  area,  .IS  aqnare  iaok.] 


Applied  loads. 


Total. 


PoiMMit. 

250 

1,250 

2,500 

8,750 

^000 

8,250 

7,500 

7,750 

8,000 

8.250 

8,600 

8,750 

0,000 

9,250 

0.500 

0.750 

10,000 

10,250 

10,500 

10,750 

11,000 

11.250 

11,500 

11,750 

12,000 

12,250 

12,500 

12,750 

13,000 

13,250 

13,500 

18,750 

14,000 

14,350 


Per 

square 

inoh. 


ElongSr 

tion  per 

inch. 


Sneces- 
siTe  elon 

gatlun 
per  inoh. 


Inch. 

a 

.000183 

.000283 

.000367 

.000507 

.00O7.-)3 

.000000 

.000033 

.000067 

.000067 

.001000 

.001083 

.001067 

.001100 

.001133 

.001167 

.001200 

.001233 

.001967 

.001300 

.001333 

.001367 

.001400 

.001438 

.001467 

.001500 

.001533 

.001600 

.001683 

.001667 

.001700 

.001738 

.001883 

.001000 


Ityeh. 

0. 
.000138 
.000100 
.000134 
.000200 
.000166 
.000167 
.000083 
.000034 

0. 
.000083 
.000083 
.000034 
.000083 
.000033 
.000084 
.000038 
.000038 
.000034 
.0000:i8 
.000083 
.000034 
.000038 
.000083 
.000084 
.000033 
.000033 
.000067 
.0QP033 
.000034 
.000038 
.000083 
.000100 
.000067 


Perma- 
nentset 


0. 
0. 
0. 

0. 

6L 
0. 
0. 


Snoces- 
sive  per- 
maneot 

Mt. 


JTfMM. 

0. 


Initial  load. 


Povtidf. 

1.000 

5.000 
10.000 
15.000 
20,000 
2^000 
80.000 
81,000 
8^000 
83.000 
34.000 
35.000 
86.000 
87.000 
38.000 
30,000 
40,000 
41.000 
42.000 
43,000 
44,000 
45^000 
46^000 
47.000 
48,000 
40,000 
50,000 
51,000 
52,000 
53.000 
54.000 
56.000 
56^000 

57.000 

The  trensile  stress  fell  4,000  poudds  per  «iaaro  inoh,  whilo  the  elsnfitisB  ii- 
oreased  .0048  inch  per  inch. 


ElasttoUmii 


13,250 
13,500 
13,750 
14,000 
14.250 
14.500 
14,750 
5000^ 


53,000 
54.000 
55,000 
56.000 
67,000 
58.000 
50.000 
00. 000 


006700 
.010000 
.010667 
.011633 
.  012367 
.013500 
.014167 
.015667 


.004800 
.003300 
.000667 
.000066 
,000734 
,001133 
000667 
001500 


.013800 


.013267 
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Applied  loads. 

Slonga- 

tionper 

ineii. 

Snoces- 
slve  elon- 
gation 

Penna- 
nent  set. 

Saoces- 

siveper- 

msnent 

set. 

• 

Total. 

Per 

square 
inch. 

Potmdt. 

16,260 
16.500 
15,750 
18,000 
1IIIS50 
10.500 
10,750 
17,000 
17,260 
17,600 
18.000 
18.600 
19.000 
19.600 
20.000 
20.500 
21.000 
21,600 
21,780 

Poundt. 
81.000 
02.000 
83,000 
04.000 
85,000 
88.000 
07,000 
88,000 
80,000 
70,000 
72,000 
74,000 
78,000 
7^000 
80,000 
82.000 
84.000 
68.000 
87,120 

Jnsh, 

.010607 

.017307 

.018800 

.020107 

.021933 

.023087 

.024000 

.OSfiOOO 

.027400 

.029407 

.033000 

.037433 

.042107 

.048287 

.057287 

.0887 

.0833 

.1100 

.1587 

Jnek, 
.000900 

.000800 

.001233 

.001567 

.001708 

.001134 

.000088 

.002000 

.001400 

.002007 

.003533 

.004383 

.001884 

.008100 

.009000 

.009433 

.0186 

.0287 

.0407 

Inch. 

Inch,   . 

Micrometer       re- 
moTcd. 

intimate  strength. 

...•.•••i> 

.019187 

.waan 

.028687 

.007400 

• 

GEKBRAL  SUlOiARY. 


Btto  graTitj. 
duets 


•Ue  strfmgth  per  square  inch  of  original  section. , pounds.^       87. 120 

■tie  limit  per  oqtfsrtt  inch  of  original  section do 67,000 

tgstion  per  inch  after  mptnre. inch..    0.19 

igstioB  per  inch  under  strain  at  elastic  limit do 001900 

letion  in  diameter  at  point  of  rapture do 094 

letlonin  area  after  ruptore,  per  centum  of  original  section 30.0 

tion  of  rupture 25  inch  from  neck ;  oblique  ftaotore. 

acter  of  broken  surface silky;  contains  spots  of  dliferent  colors. 

gsUoB  of  inch  sections 15-inoh,  .l6-mch  (.SO-inoh  fractured  section). 


No.  396. 


— r- 


(Marks  on  bar,  B.  B.i;  diameter,  .584  inch ;  sectional  area,  .25  square  inch.] 


Applied  loads. 

Elonga- 
tion per 
inch. 

Succes- 
sive elon- 
gation 
per  inch. 

Perma- 
nent set. 

Succes- 
sive per- 
manent 
set 

Remarks. 

Total 

Per 

square 

inch. 

PottlMEt. 

250 
1.250 
2.500 
8,750 
6.-000 
8.250 
7,500 

8,230 
8.500 

8,750  1 

PvwidM. 

1,000 

^000 

10,000 

15..  000 

20.000 

25.000 

30.0U0 

31,000 

32.000 

33.000 

34, 000 1 

3%  000/ 

JnOi. 

0. 
.000087 
.000200 
.000307 
.000533 
.000807 
.000887 
.000000 
.000938 
.000907 

Jnek. 

0. 
.000007 
.OOtilSd 
.000187 
.000180 
.000134 
.000200 
.000033 
.000083 
.000034 

Jnek. 
0. 
0. 
0. 

a 

0. 
0. 
0. 

Jnek. 
0, 

Initial  load. 

} 

.  001000  /    .  00003.?  J 

\ 

.  OOJ033  1 

.000033  f 

0. 

\ 
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Applied  loads. 


ToteL 


9,000 
9.250 
9,500 
9,750 
10.000 
10,250 
10,500 
10,750 
11,000 
11,250 
11,500 
11,750 
12,000 
12,250 
12.500 
12,750 
13,000 
13,250 
13,500 
13, 750 
14,000 
14,250 
14.500 
14,750 
15,000 
15,500 
10.000 
16,500 
17,000 
17,500 
18,000 
18,500 
19, 000 
19,500 
20,000 
20,500 
21,000 
21,500 
21,680 
19,500 


Per 

aqnere 

inch. 


Poundt. 
36,000 
87,000 
88,000 
89,000 
40,000 
41,000 
42,000 
43,000 
44,000 
45,000 
46.000 
47,000 
48,000 
49,000 
50,000 
51.000 
52,000 
53,000 
54,000 
55,000 
56,000 
57,000 
58.000 
59,000 
60.000 
62,000 
64,000 
66,000 
68,000 
70,000 
72,000 
74,000 
76,000 
78,000 
80,000 
82,000 
84,000 
86,000 
86,720 


EloDfj^a- 

tion  per 

inch. 


Jn«Jk. 

.001067 

.001100 

.001133 

.001167 

.001233 

.005667 

.008933 

.008967 

.009000 

.009033 

.009300 

.009567 

.010233 

. 010967 

.012233 

.012667 

. 013667 

.  014367 

.015433 

.  016367 

.017767 

.018400 

.020100 

.021333 

.022600 

.024500 

.027000 

.  030000 

.033000 

.  037533 

.042000 

.  045267 

.050667 

.057067 

.064667 

.0767 

.0967 

.1200 

.1733 


Snooee- 

iiive  elon 

gfttion 

per  inch. 


Inch. 

.000034 

.000033 

.000038 

.000034 

.  000066 

.004434 

.003266 

.000034 

.000033 

.000033 

.000267 

.000267 

.  000666 

.000734 

.001266 

.000434 

.001000 

.000700 

.001066 

.000934 

.001400 

.000633 

.  001700 

.  001233 

.001267 

.001900 

.003500 

.  003000 

.003000 

.004533 

.004467 

.  003267 

.  005400 

.006400 

.007600 

.  012033 

.0200 

.0233 

.0533 


Penna- 
nent  set. 


Soooes- 

sive  per* 

manent 

•et. 


Inch. 


0. 


.007300 


.010333 


.014133 


.020067 


Inek. 


.007300 


.003033 


.003800 


.005934 


Elaatio  Umit. 


Micrometer       re- 
moved. 


Ultimate  strength. 
Load  at  time    of 
rupture. 


GENERAL  SUMMARY. 

Bpeoific  gravity 

H  ardoeBs 

Tensile  strength,  per  square  inch  of  original  section poaods. 

Elastic  limit,  per  square  inch  of  original  section  do. . . 

Elongation  per  inch  after  rupture inch. 

E^>ngation  per  inch  under  strain  at  elastic  limit do. . 

Reduction  in  diameter  at  point  of  rupture , do  . 

Reduction  in  area  after  rupture,  per  centum  of  original  section 

Podtion  of  rupture 1.05  inches  fnwiM* 

Character  of  broken  surface dull  silky.  40  per  cent. ;  fine  granular,  60  per  cent.   The  bar  psrtt 

first  in  the  silky  section. 
JEIongation  of  inch  sections ^ 15  inch  .24  inch  (.33  inch  firactured 


.on 

.IM 

41 


No.  397. 


f^r^ac^""^ 


— -— — . 

M^B   wm^   ^M   ^H   ^^  a 


[Marks on ^Ja^i^'^'* '  AVameViT,  .^%i  ViitV •,  w^iVVo^XV-was .•&  \\x^Vv.\ 
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Applied  loads. 


ToUl. 


250 
1.250 
2.500 
3.750 
5,000 
8,250 
7,500 
7,750 
8,000 
8,250 
8,500 
8,750 
9,000 
0,250 
0,500 
0,750 

10.000 

10,250 
10,500 
10,750 
11,000 
11,250 
11,500 
11,750 
12.000 
12,250 
12.500 
12,750 
13.000 
13,250 
13,500 
13,750 
14,000 
14,250 
14.500 
14.750 
15.000 
15,500 
16,000 
10,500 
17,000 
17.500 
18,000 
18.500 
19,000 
19,500 
20.000 
20,500 
21,000 
21,500 
21,750 
20,000 


Per 

square 

incb. 


Poundt. 
1,000 
5,000 
10.000 
15,000 
20,000 
25,000 
30.000 
31,000 
32,000 
33.000 
34.000 
35,000 
36. 000 
37,000 
38,000 
39.000 

40,000 

41,000 
42.000 
43,000 
44,000 
45,000 
46.000 
47,000 
48,000 
49,000 
50,000 
51,000 
52,000 
53,000 
54,600 
55, 000 
56,000 
57, 000 
58.000 
59, 000 
60,000 
62,000 
64,000 
66.000 
68.000 
70.000 
72,  000 
74,000 
76,000 
78,000 
80,000 
82,000 
84,000 
86,000 
67,000 


ElongSr 

tion  per 

Inch. 


Inch. 

0. 
.000067 
.000233 
.000400 
.000567 
.000733 
.000900 
.000033 
.000967 
.001000 
.001083 
. 001067 
.001100 
.001133 
.001200 
.001233 
.001300 
.  005267 
.005633 
.005967 
.006433 
.  007267 
.008033 
.008900 
.009433 
.010400 
.011000 
.011900 
.012700 
. 018433 
.014500 
.  015600 
.  016433 
.017600 
. 018367 
.019500 
.020600 
.  022100 
.024067 
. 026767 
. 029767 
.032967 
. 036000 
. 040000 
. 044167 
. 049333 
.  056000 
. 064000 
.  0733 
.0867 
.1100 
.1700 


Sacoes- 
sive  elon- 
gation 
per  inch. 


JfieA. 

0. 
.000067 
.000166 
.000167 
.000167 
.000166 
.000167 
.000033 
.000034 
.000033 
.  000033 
.000034 
.000033 
.000033 
.000067 
.000033 
.00(1067 
.003067 
.000366 
.000334 
.000466 
.000834 
. 000766 
.000867 
.000533 
.000967 
.000600 
.000900 
.000800 
.000733 
.001067 
.001100 
.000833 
.001)67 
.000767 
.001133 
.001100 
.001500 
.001067 
. 002700 
.003000 
.  003200 
.  003033 
.  004000 
.004167 
.005166 
.  000667 
. 008000 
.0093 
.0134 
.0233 
.0600 


Perma- 
nent set. 


Inch. 

0. 
0. 
0. 
0. 
0. 
0. 
0. 


0. 


.003867 


Sacees- 
slve  per- 
manent 
set. 


Inch. 
0. 


.003867 


.006433 


.010000 


. 014133 


019600 


.002566 


Initial  load. 


Elastic  Umit. 


.003567 


.004138 


.005467 


Micrometer 
mored. 


re- 


intimate  strength. 
Load  at   time  .of 
fracture. 


GENERAL  SUMliART. 

ecificgraTity 7.8654 

irdnens 16.35 


Biil«  Htrength,  per  square  inch  of  original  section  pounds 

**tlc  limit,  per  square  inch  of  original  section do. . 

inixatlon. per  inch  after  rnptnre inch. 

IJ^feaiion  per  inch  under  strain  at  elastic  limit do. . 

dnction  in  diameter  at  point  of  rupture do.. 

^ttetiorf  lo  area  after  rupture,  per  centum  of  original  section 

*Hion  of  rupture, 1. 35  inches  from  neck. 

Uacter  of  broken  surface  fine  granular,  radiating  from  a  dull  silky  spot  at  circnmfercnoe. 

?^2ation  of  inch  section 17  inch  (.32  inch  fractured  section),  .21  Incb. 


87,000 

40,000 

0.2333 

.001300 

.104 

83.5 
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No.   398. 


B.B. 


[Hvlu  on  bw.  ^]|f'*{  diameter.  .6M  ineb ;  eeotioxial  uea,  .25  sqoAze  iaek.] 


Applied  loede. 


Total. 


Pound*. 

250 

1,250 

2,500 

8,750 

5,000 

0.250 

7,600 

7,750 

8,000 

8,250 

8,600 

8,750 

0,000 

0,250 

9.500 

9,750 

10,000 

10,250 

10,500 

10,750 

11,000 

11,260 

11.500 

11,750 

12,000 

12,250 

12.500 

12,750 

13,000 

18,250 

13,500 

13,750 

14,000 

14,250 

14,500 

14,750 

16.000 

15, 500 

16,000 

16,500 

17,000 

17. 500 

18.000 

18.500 

19.000 

19,500 

20,000 

20,500 

21.000 

21.500 

21.860 

19.600 


Per 

square 

iDCh. 


Poundi. 

1,000 

5.000 

10,000 

15.000 

«  20,000 
25.000 
30.000 
31,000 
32,000 
38,000 
34.000 
35.000 
36.000 
87.000 
38,000 
39,000 
40,000 
41,000 
42,000 
43,000 
44.000 
45.000 
46.000 
47.000 
48,000 
49.000 
60,000 
51,000 
52,000 
53,000 
54.000 
55.000 
56.000 
57.000 
58.000 
59,000 
60.000 
62.000 
64.000 
66.000 
68.000 
70.000 
72.000 
74.000 
76.000 
78.000 
80.000 
82,000 
84.000 
86.000 
87,440 


Elonga- 
tion per 
inen. 


Inch. 

0. 
.000067 
.000200 
.000333 
.000467 
.000667 
.000800 
.000867 
.000900 
.000933 
.000067 
.001000 
.001033 
.001007 
.001100 
.001167 
.001200 
.004667 
.006000 
.006833 
.  007100 
.  007767 
.008367 
.009267 
.010000 
.010733 
.011700 
.012333 
.013233 
.  014000 
. 015233 
.015933 
.017000 
.  017733 
.019038 
.020200 
.021667 
.023867 
.026433 
.029033 
.032967 
.035667 
.039267 
.044133 
.049667 
.055333 
.062333 
.0767 
.0867 
.1183 
.1667 


Baooee- 
siye  elon- 

iration 
per  inch. 


Inch. 

0. 
.000067 
.000133 
.000183 
.000184 
.000200 
.  000133 
.000067 
.000033 
.000033 
.000034 
.000033 
.000033 
.000034 
.000033 
.000067 
.000083 
.003467 
.001388 
.000833 
.000267 
.000667 
.000600 
.000900 
.000733 
.000738 
.000967 
.000633 
.000900 
.000767 
.001238 
.000700 
.001067 
.000733 
.001300 
.001167 
.001467 
.002200 
.002566 
.002600 
.003984 
.002700 
.003600 
.004866 
.005534 
.005666 
.007000 
.014367 
.0100 
.0266 
.0534 


nentaet. 


Itidk. 

0. 
0. 
0. 
0. 

a 

0. 
0. 


0. 


006000 


009800 


018788 


019187 


Snoeea- 

aiye  per> 

manent 

■et 


Jnek. 
0. 


Initial  load. 


006000 


,008890 


008938 


005484 


Elaatte  limit 


Mierometer 
moved. 


Ultimate  stren^-. 
Load  at   time  of  i 
mptare. 


teadflo  graTlt^. 
aardne 


GENERAL  SUMMARY. 


Tensile  strength  per  square  inch  of  original  section poiudi. .    9f,  Ml 

Blastio  limit  per  sqnare  inch  of  original  section do....    HM 

Elongation  per  inen  after  rupture Inok..  iS 

Elongation  per  inoh  under  Htrain  at  elastic  limit ds WIN 

Beduotionin  diameter  at  point  of  rupture do IM 

Sednotion  in  area  after  rupture,  per  centum  of  original  aection 9^1 

PoflitioDofmptnre .25  inch  fkom  middle  ifilaa 

Cbuseier  of  broken  aurfaoe ^uVi  aViV.^ ,  W-^x  q«iA.. ,  ^Ena«i\%x , \^  v^r  bent.,  obhqos fttCMi 

JHtfagation  of  inch  aeotioni •'^'^  ^^'^  V»V  Vn^Xt^cx^oarai  «Mi6M\  A  bm 
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No.  399. 


. 

8.8. 


(Ifarks  on  bar,  ^^  ;  diMncter,  .564  inch ;  MOtiMul  •■««,  .25  aqnare  inob.J 


Applied  loads. 


Total. 


P&undt, 
250 
1,250 
2,500 
8,750 
5.000 
6,250 
7,500 
7,750 
8,000 
8,250 
8,500 

9,000 
9,250 
9.800 
9,750 
10,000 
10,250 
10,5<J0 
10,750 
11,000 
11.250 
11,500 
11,780 
12,000 
12,250 
12,500 
12,750 
13,000 
13.250 
13.500 
13,750 
14,000 
14.250 
14,500 
14,750 
15,000 
15,500 
16,000 
16,500 
17,000 
17,500 
18,000 
18,500 
19,000 
19,500 
20,000 
20,500 
21,000 
21.500 
22,000 
22,500 
23.000 
28.380 
19.000 


Per 

aqtiare 
uicb. 


Pounds. 
1,000 
5,000 
10,000 
15,000 
20,000 
25.000 
30,000 
81.000 
32,000 
33,000 
34.000 
35,000 
36,000 
37,000 
38,000 
39, 000 
40,000 
41,000 
42,000 
43, 000 
44,000 
45, 000 
46,000 
47,000 
48.000 
49,000 
50,000 
51,000 
52,000 
53,000 
54,000 
55,000 
56,000 
57,000 
58,000 
59,000 
60,000 
62,000 
64,000 
66,000 
68,000 

.  70,000 
72,000 
74,000 
76,000 
78,000 
80,000 
82,000 
84,000 
86,000 
88,000 
90,000 
92,000 
93,520. 


Elonira- 

tion  per 

inch. 


Inch. 

0. 
.000067 
.000233 
.000367 
.C00533 
.000700 
.000867 
.000867 
.000900 
.000933 
.000967 
.001000 
. 001033 
.001067 
.001100 
.001133 
.001167 
.001200 
.001233 
.001267 
.OOlStOO 
.001333 
.  001367 
.001400 
.  001433 
.001467 
.001500 
.001567 
.001633 
.001700 
.004067 
.006400 
.007733 
.008600 
.000900 
.011067 
. 012100 
.013600 
.015000 
.017000 
.020000 
.022333 
.024667 
.027400 
.030600 
.034000 
.088000 
.043033 
.048000 
.0533 
.0667 
.0787 
.0967 
.1400 


8uece6- 
aiTe  elon- 
gation 
per  inch. 


Jneh. 

0. 
.000067 
.000166 
.000134 
.000166 
.  000167 
.000167 

0. 
.000038 
.000038 
.000034 
.000083 
.000033 
.000034 
.000033 
.000033 
.000034 
.000033 
.000033 
.000034 
.000033 
.000033 
.000034 
.000033 
.000038 
.000034 
.000033 
.000067 
.000066 
.000067 
.002367 
.002333 
.001333 
.000867 
.001300 
.001167 
. 001038 
.001500 
. 001400 
.002000 
.003000 
.002333 
.002834 
.002738 
.003200 
.008400 
.004000 
.005033 
.004967 
.0053 
.0134 
.0100 
.0200 
.0433 


Perma- 
nent aet 


Inch. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 


0. 


0. 


0. 


.000038 


.004567 


009883 


Saecea- 
aiTe  per- 
manent 
aet 


JnA. 
0. 


Bemarka. 


Initial  load. 


.000088 


.004584 


.005266 


Blaatic  limit 


Mierometer      re* 
moved. 


Ultimate  atrengtb. 
Load  at  time  of 
flraotare. 


OEKBBAL  SUMMABT. 

frarity 7.864^ 

26.1 


>-* 


08 


trengtb per  aqnare  inch  of  orisinal  aection ponnda..      98,69(V 

miiperaouareinchoforiginMaeotlon do....      58,000* 

m  per  incn  after  rapture inob..  0..2267 

mper inch nnderstrain atelaatie  limit do 001706^ 

D  in  diameter  at  point  of  mptore do 174 

D  in  area  alter  raptnre,  percentamof  original  aection 52.2." 

If  mptnre \.4AVn«\i«»tMn&'nM>L.. 

r  of  broken  snrfaoe ftneaViikir;  eav-%^xa>v^«n'^^~ 

»  ofJneb  geetioDB 10  inch  (.87  Inch  fraA^UkX^d  mg\\oix>«  .lAVa,^- 
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■  __  ^_  ___  i^>^_^ 


^af^gr^ 


4' 


►-^     ^—     ^.—     ^-^     PM^ 


T. 


[Marks  on  bar,  ^ ' ;  diameter,  .564  inoh ;  aecUonal  area,  .25  square  inch.] 


Applied  loads. 


Total. 


Pounda. 

250 

1,250 

2,500 

3,750 

5,000 

«,250 

7,500 

7,750 

8,000 

8,2M 

8.500 

8,750 

9,000 

9,250 

9,500 

0,750 

10,000 

10.250 

10,500 

10,760 

11,000 

11,250 

11,500 

11,750 

12, 000 

12,250 

12,  500 
12,750 
13, 000 
13,250 
13,500 

13,  750 
14,000 
14,250 
14,500 
14, 750 
15,000 
15,500 
16,000 
16,500 
17,000 
17,500 
18,000 
18.500 
19,000 
19,500 
20,000 
20,500 
21.000 
21,  500 
22,000 
22,500 
22,920 
18, 200 


Per 

sgaare 

inch. 


Poufu2«. 
1,000 
5,000 
10,000 
15,000 
20,000 
25,000 
30,000 
31,000 
32,000 
33,000 
34,000 
35,000 
36,000 
37,000 
38,000 
39,000 
40,000 
41.  000 
42,000 
43,000 
44,000 

45,  000 

46,  000 
47,000 
48. 000 
49, 000 
50,000 
51,000 

52,  000 

53.  000 
54.000 
55,  000 
56.000 
57.000 
58.000 
59,000 
60,000 
62.  000 
64.000 
66,000 
6d.  000 
70, 000 
72,  000 
74,000 
76,000 
78,000 
80,000 
82.000 
84,000 
86.000 
88,000 
90,000 
91.680 


Blonga- 

tion  per 

incn. 


Inch. 

0. 
.000150 
.000325 
.000475 
.000650 
000825 
.000950 
.  001025 
.  001050 
.  001075 
.001125 
.001150 
.001200 
. 001225 
.001250 
.001275 
.  001325 
.  001350 
.  001375 
.  001425 
.  0014.'V0 
.001500 
. 001550 
. 001600 
.  001750 
.002000 
.002350 
.002725 
.  003575 
.0046.70 
. 008750 
.009450 
.0l'»r25 
.  010725 
.011725 
.  012300 
.  013525 
.  015300 
.  017000 
.  019375 
.  0L'2025 
.  024300 
. 027000 
. 032025 
. 033525 
.  037500 
.  044500 
.0500 
.0575 
.0650 
.0775 
.0950 
.1500 


Sacces- 
sive  elon- 
gation 
per  inch. 


Inch. 
.0. 

.000150 
.000175 
.000150 
.000175 
.000175 
.000125 
.000075 
.000025 
.000025 
.000050 
.000025 
.000050 
.000025 
.000025 
.000025 
.  000050 
.000025 
.  000025 
.000050 
.  000025 
.  000050 
. 000050 
.  000050 
.  0001.50 
. 000250 
.  000350 
. 000375 
.  000850 
.  001075 
.004100 
.000700 
.000675 
.000600 
.001000 
. 000575 
.001225 
. 001775 
.  001700 
.002375 
. 002650 
. 002275 
.  002700 
.  005025 
. 001500 
. 003975 
.007000 
.0055 
.0075 
.  0075 
.0125 
.0175 
.0550 


Perma- 
nent set. 


Sacces- 
sive  per- 
manent 
set. 


Inch. 

0. 

0. 
.000025 
.000025 
.000050 
.000075 
.000075 


000075 


000075 


000100 


000800 


007450 


.011250 


Inch. 
.0. 


000025 

0. 

000025 
000025 

0. 


0. 


0. 


.000025 


Remarks. 


Initial  load. 


000700 


Elastic  limit. 


.006650 


.  003800 


Micrometer      re- 
moved. 


Ultimate  strength. 
Load    at   time   of 
rapture. 


Specific  gravity. 
Hardness 


GENERAL    SUMMARY. 


•••- .....................    ..   - ••...........«,     7. W^ 

2L65 

Tensile  strenji^th  per  square  inch  of  original  nection poands. .       91, 

Elastic  limit  per  square  inch  of  original  section do...        47. 

Sllongation  per  inch  after  rupture inch..    0l2S 

Elongation  per  inch  under  strain  at  elaKtic  limit do ...      .Ml 

Jteduotion  in  diameter  at  point  of  rapture    do...      .\M 

Heduotion  in  area  after  rupture,  pt^r  c«nvuti\  of  original  section I 

PoaitioD  of  rupture 1.20  inches  fh«M 

CliAract«r  of  broken  snif  ace :  •  :  -  -  \  •.•    ^  *  Wk*:  - •r^!^.^!?^'S-  ^\\><Jbw*^  m 

^Jongation  of  inch  sectionn ^'i  ^^^^'  .\^\\\c\v.  .*»  \^t\v  V.'}A\v^^^^\xa^>«t\» 


PLATE    I. 


[hRifle. 


3.  Gun,) 


int. 


€»o 


knmM%  SS~li«M. 


\ 
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No.  401. 
7* 


yrf¥^^^ 


^"  ^ 


T. 


[Msrks  on  bar,  ^  *;  diameter,  .504  inch:  section  area,  .25  sqnare  inob.] 


Applied  loads. 


PottfUlf. 

250 

1,230 

2,500 

3,750 

5,000 

0,250 

7,500 

7,7.M) 

8.000 

8,2.'>0 

8,500 

8,750 

9,000 

9.250 

9,500 

9,750 

10.000 

10,  250 

10.  .jOO 

10, 7.'V0 

11,000 

11.250 

11,500 

11.750 

12,  (lOO 

12,250 

li,  500 

12,7.50 

1.3.000 

13.250 

13.500 

18.  7.50 

14,000 

14,  -250 

14,  500 

14.  750 

15,000 

15.-500 

16.000 

16.  500 

17,000 

17,500 

18,000 

18.500 

19,000 

19,500 

20,000 

20,500 

21.  UOO 
21,500 
22,000 

22,  500 
22.960 
18,500 


MClfic  praTity 
ardoess 


Per 

sqnare 

inch. 


Poundt. 
1,000 
5,000 
10.000 
15.000 
20,000 
25.000 
30,000 
31,000 
32.  COO 
3.3.000 
34, 0(10 

35.  ono 

36,000 
37.000 
38,  WO 
39.0UO 
40,000 
41.000 
42.000 
43.0U0 

44.  000 

45.  000 
46,000 
47.  000 
48,0<H) 
49.000 
50.000 
51.000 
5i.  000 
5.3, 000 
54.000 
55,  000 
56,000 
Wl,  000 
58.  UliO 
.50.  000 
GO,  OOU 
1.2, 000 
64.000 
66,000 
08,  OUO 
70,000 
72,000 
74,000 
76,0(0 
78,000 
80.000 
8*.',  000 
84,000 
86,000 
88,000 
90,000 
91.840 


Elonga* 

tion  per 

inoL 


0. 
.000100 
.000250 
.  000425 
.  000575 
.  000725 
.000900 
.000925 
.  0009.50 
. OOOM75 
.  001000 
.  001(^25 
.  0010.50 
.  001075 
.001125 
.001150 
.001225 
.001250 
. OOIHOO 
.001325 
.0013.50 
.001400 
.001425 
. 001450 
.001500 
.  001.550 
.001575 
.001625 
.001675 
.0017U0 
.001773 
.001825 
.  «i0997.) 
.01  (17(H) 
.01i;{25 
.  0122*  10 
.013.575 
. 014H25 
.  016730 
.018600 
.021100 
.  023750 
. 026075 
. 028800 
. 032375 
.  03W)75 
.  040750 
.  045.500 
.  0,52000 
.  062500 
.  072.500 
.0900()0 
. 147500 


Snccea- 

Slve  rlOD- 

Ration 
per  inch. 


Inch. 

0. 
.000100 
.000150 
.000175 
.000150 
.000150 
. 000175 
. 000025 
. 000025 
. 000025 
. 000025 
. 000025 
.000025 
.  000025 
.000050 
.000025 
.000075 
.  000025 
. 000050 
.  00002.5 
. 000025 
. 000050 
.000-25 
.  (Mi()025 
.  OOOO'iO 
.  ()( 100.50 
.  00(J025 
,  0000.50 
.  000050 
.  0O0U25 
.  000075 
. OOU050 
. 008150 
. 000725 
. 000625 
. 000875 
.00i:<75 
.0012.50 
.001925 
.0018,50 
.  002.500 
.  002650 
.  00232.5 


002725 

00  575 

003700 

C04675 

004750 

006500 

0105 

OUK) 

0175 

0.575 


Perm  a - 
neut  set 


Inch. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 


.  000025 


.000025 


.000050 


.000125 


.011200 


Snooes* 
slve  per- 
manent 
set. 


Inch. 
0. 


.000025 


0. 


.000025 


Remarks. 


Initial  load. 


. 000075 


. 011075 


Elastic  limit. 


Micromrter   i-e- 
moved. 


Ultimate  strength. 
Load  at  time  of 
rupture. 


GENERAL   SUMMARY. 


ensile  strength  per  square  inch  of  oriszinal  section  pounds. . 

Isstlc  limit  per  saiiare  inch  of  original  section .do  . . 

Ioo|catioii  p«r  inch  after  rupture  — inch. 

longation  per  inch  under  strain  at  elastic  limit do... 

eduction  in  diameter  at  point  of  rupture -  do... 

eduction  in  area  after  rupture,  per  centum  of  original  section 

osition  of  rupture V^OVnc^i^  Itom^w^. 

Iiaraci«r  of  broken  surface fin*  aWWy .   Cu^«^vai^«^  «Aa. 

oBgutioB  of  iach Hectiona I3ioch,  .20  inch,  .27  moYi  (.^ft  \Tic\\,  ltWi\,Mt^^%««.>Xwi> 


91,840 
5^000 
a24 

.001825 

»104 


APPENDIX  26. 


CONSTRUCTION  REPORT  OF  AN  S-INCH  RIFLE  CONVERTED  FROM  A  19 
INCH  SMOOTH-BORE  RODMAN  GUN  BY  LINING  WITH  A  STEEL  TOBi, 

BY  LIBUT.    H.    D.  BORUP,   ORDNANCE  DBPARTMBNT. 

(1  plate.) 

The  constractioD  of  this  gun  in  its  general  features  does  not  differ 
greatly  from  those  hitherto  made. 

The  principal  point  is  the  use  of  a  steel  tabe,  made  from  a  solid  forging} 
instead  of  one  of  coiled  wrouhgt  iron,  simply,  or  in  combination  vitb 
Bteel. 

THE  CASING. 

I 

The  piece  selected  for  the  casing  was  the  10-inch  Rbdman  smooth-bore 
gnn  No.  113,  and  was  prepared  for  the  tube  by  boring  to  mean  diameter 
of  12.999  inches,  drilling  the  gas  escape,  recessing  the  muzzle,  and  cat- 
ting the  screw  for  the  retaining  ring. 

THE  TUBE. 

This  was  fabricated  at  the  Midvale  Steel  Works,  Nicetown,  Pa.,  of 
open  dearth  steel,  and  was  received  here  in  the  sha.pe  of  a  solid  forg- 
ing 126.75  inches  long,  by  14.5  inches  in  diameter^  analysis  showing  it 
to  contain — 

Carbon 39 

Phosphorus Otf 

Manganese 896 

Silicon - 1^ 

Sulphur (81 

Mean  of  three  tangential  specimens  taken  from  breech  end,  as  de- 
termined at  Watertown  Arsenal :  1 

Tenacity,  pounds  per  square  inch 79,400 

Elongation  after  rupture percent..  22.6 

Contraction  of  area ^ do 90.2 

Elastic  limit,  pounds  per  square  inch 37,000 

Breech  cup. — A  solid  cylinder  8.7  inch  long,  and  8.65  inch,  in  diameter* 
The  muzzle  collar  was  a  hollow  cylinder,  rough  finished  to  7.1  inch,  in     | 

length,  13.75  inches  exterior,  and  11.22  interior  diameter. 
Both  collar  and  cnp  were  taken  from  an  ingot  made  for  the  Nary,  of 

open  hearth  steel,  by  the  Midvale  Company,  and  as  analyzed  gave: 

Carbon -^ 

Phetphorus -^ 

Manganese "S 

Silver •'j 

Sulphur -^ 

Before  anneal  in;;:,  tenacity  per  square  inch f«s 

Elongation  after  rupture , per  cent..  |*| 

Contraction  of  area do —  *** 
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After  annealiDg  these  factors  were  73,500,  27.5  per  cent,  38  per  cent. 
The  collar  was  not  annealed;  the  cup  was,  and  though  no  specimens 
were*taken  from  either,  their  properties  probably  correspond  to  those 
of  the  ingot  as  above. 

The  material  was  of  fine  quality,  and  showed  great  resistance  in  work- 
ing. The  first  hog-nose  drill  used  in  the  boring  broke  and  caused  a 
delay  of  three  days  in  removing. 

After  boring  to  proper  size,  the  exterior  was  turned,  and  the  cup^ 
which  in  the  mean  time  had  been  formed,  was  inserted.  The  fit  was 
very  close,  two  dog's-heads  used  in  assembling  being  broken. 

The  tube  was  then  rifled.  The  calipers  and  star  gauge  measurements 
showed  a  maximum  play'  of  but  .005  inch  between  tube  and  casing 
thronghout  its  entire  length,  except  at  the  extreme  breech. 

Owing  to  the  necessity  of  getting  a  proper  contact  at  the  base,  while 
the  difference  of  curvature  of  the  rounded  parts  of  the  tube  and  casing 
was  preserved,  the  tube  had  to  l^e  inserted  and  removed  several  times 
until  it  was  obtained  satisfactorily.  Before  the  final  insertion  grooves 
were  cut  on  the  base  of  the  cup,  in  order  to  allow  any  gas  which  might 
pass  between  the  cup  and  tube  to  find  its  way  to  the  open  space  formed 
by  the  surfaces  of  different  curvatures  above  alluded  to,  and  thence 
through  the  channel  cut  in  the  casiug. 

The  parts  were  then  assembled,  the  muzzle  faced  and  grooved,  holes 
for  vent-bushing  and  securing  pin  formed,  old  vents  filled  with  wrought- 
i^n  plugs,  bushing  and  pin  inserted,  and  gun  finally  inspected.  The 
nfling  not  being  deep  enough,  the  piece  was  returned  to  the  rifling 
tiiachine  to  have  this  remedied.  The  work  was  inspected  at  all  stages^ 
^Dd  the  principal  dimensions  determined.  These  will  be  found  in  the 
insi>ection  report. 

■^to§rd  of  mea9Hrement8  with  star-gauge  and  calipers  of  8-{fi«^  mtufsle  ineeriion  gun  No.  1. 
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Appendix  27. 


}GRE8S  REPORT  UPON  THE  MANUFACTURE  OF  FIFTY  f^INCH  COILED 
BOUOHT-IROy  TUBES,  BREECH  INSERTION,  FOR  CONVERSION  OF  10- 
WH  RODMAN  SMOOTHBORE  GUNS  INTO  S-INCH  MUZZLE- LOADING 
IFLES,  AT  THE  WEST  POINT  FOUNDRY,  UNDER  CONTRACT  DATED 
UNE  12.  1883. 

BT  LIEUT.   ROGERS  BIRNIB,  JR.,   ORDNANCE  DEPARTMENT. 

(6  plates.) 

Che  service  nambers  of  these  fifty  coiled  wrought-iron  tubes  made  on 
3  breech-insertion  plan  extend  from  No.  30  to  No.  79,  inclusive.  They 
ire  made  and  rough  finished  at  tiiis  foundry,  and  shipped  to  the  South 
»8ton  Iron  Works  to  be  inserted  in  the  cast-iron  casings. 
The  work  was  commenced  Juno  6, 1883,  with  the  solid  forgings  for 
3  breech  end  of  the  jackets.  The  first  lot  of  bar-iron  for  the  coils  was 
eived  June  20, 1883,  and  the  first  lot  of  five  tubes  was  completed 
tober  17,  following,  and  shipped  to  South  Boston.  The  delivery  of 
bar-iron  was  completed  December  6, 1883,  and  the  final  shipment 
tubes  made  to  South  Boston  April  8, 1884.  This  would  have  com- 
ted  the  contract  except  for  the  necessity  of  replacing  two  tubes  re- 
^€d  for  defects  developed  under  the  firing  proof  following  their  in- 
tion  in  the  cast-iron  casing.  One  of  these  tubes  has  been  finished^ 
'  at  this  date  (August,  18M)  the  iron  for  the  remaining  que  has  not 
n  received. 

>aring  the  manufacture  of  the  fifty  tubes  made  between  June  6, 
3,  and  April  8, 1884,  a  period  of  ten  months,  the  capacity  of  the 
^ks  was  fairly  tested,  and  gives  an  outcome  of  five  tubes  per  month. 
8  time  includes  the  usual  delays  iucident  to  the  delivery  of  the  bar- 
1  and  to  the  recommencement  of  this  work  at  the  foundry  after 
eral  years  cessation.  After  getting  fairly  started  and  under  timely 
ivories  of  the  iron  the  tubes  were  turned  out  at  the  rate  of  about  ten 
month. 

'he  manufacture  of  these  tubes  has  been  fully  described  in  late  an- 
i\  reports  of  the  Chief  of  Ordnance.*  Six  plates  have  been  prepared 
iccompany  this  report,  for  illustration  of  the  work^  as  follows : 
^LATE  I. — Bars  prepared  for  butt-welding  and  coiling. 
^LAT£  II. — ^Mandrels  and  sleeves  used  in  coiling  the  bars,  Figs.  1^ 
^,  and  4 ;  the  dies  used  in  forging  the  breech  cups,  Fig.  5 ;  and  an 
i8tration  of  the  way  in  which  the  forged  slab  is  shaped  for  welding 
>  muzzle  collar.  Fig.  6.  Fig.  3  shows  the  mandrel  (or  sleeve)  at  first 
d  for  coiling  the  heavy  jacket  sections.  It  was  soon  found,  however, 
^t  the  coil  compressed  the  sleeve  so  much  as  to  make  it  diflScult  to 

^nnal  Bepori  of  the  Chief  of  Ordnance,  U.  S.  Army,  for  the  year  1877,  pp.  400  to 
for  the  year  187S,  pp.  351  to  356,  and  for  the  year  1880,  pp.  104  to  126. 
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withdraw ;  the  solid  shaft,  Fig.  4,  vrith  the  asual  taper,  was  then  sah- 
^tituted  for  the  sleeve. 

Plate  III. — ^The  welding  pots  and  ^^  cheese"  ased  for  coil  welding  the 
sections. 

Plate  IV. — Details  of  the  coils,  the  welded  sections,  and  the  sections 
prepared  for  the  tube  (or  press)  welding  of  the  inner  tube  and  jacket. 

Plate  V. — ^The  details  of  tube  welding  and  showing  the  average 
length  of  >the  sections  before  and  after  the  end  welding  with  the  iMsi- 
tions  of  the  joints. 

Plate  VI. — ^The  completed  tube  and  mnzzle  collar  as  finished  for  de- 
livery. 

The  bar-iion  nsed  in  the  tubes  was  manufactured  by  TuckermaD, 
Mulligan  &  Co.,  at  the  GTlster  Iron  Works,  Saugerties,  N.  T.  Before 
acceptance  two  specimens  taken  from  each  quality  of  iron  in  each  lot 
received  were  subjected  to  mechanical  tests.  The  following  gives  a 
nummary  of  the  weights,  dimensions,  and  mechanical  properties  of  the 
bar-iron  supplied  to  date  under  the  contract  in  lots  as  received  : 


I 
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Statement  of  loeights,  dimefuioMf  and  tneehanioal  properties  of  Ulster  har-iron  suppUed  h 

jacketed  coiled  wronghi-iron  tubes  and  muzz 
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r.  Paulding  f  Kemhle  4"  ^o**  <>'  ^  ^^*  Point  Foundry  ^  under  contract  for  fifty  S-inch 
Uurtf  breech  ineertion,  dated  June  1'2,  1883. 
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One-third     from 

shoulder. 
Xear  middle 


1.78  145.50 
.  85  J51. 73 


2.08 

1.85 

1.85 
2.04 

2.13 


43.62 
46.22 


47.50 

49.33 

49.50 
45. 10  . 

44.86 


One-third     from 
shoulder. 

•  9  *  *  %a%^   »•••••••««•« 

Near  middle 

Near  shomlder  . . . 


Middle 


Near  middle 


One-third     from 

shoulder. 
do 


2. 26  143. 30 


Near  middle 
.do 


1.97947.44 


1.96 


51.45 


One- fourth  from 
shoulder. 


Middle 


1.78  151.  OOj  Near  middle 
2. 13  '49.  so!  Middle. 


1.73 


0.202 
0.387 
0.842 
0.200 
00.832 


1.00 

io" 

1.96 


50.80 


50.69 


do 


J 


34.83:  Near  middle. 

I 
42. 70. ...do 


2.12 
2.66 


46.55 
44.90 
47.57 
40.84 


...do  . 

...do 

...do 

dp 


i 


O 


Close  fibrous. 
Do. 

Do. 

Do. 

Fine    uniform 
fibrous. 
Do. 

Fibrous. 

Fibrous,  with  mi- 
nute scattered 
crystals. 

ITntform,  fine 
fibrous  small 
crystals. 

Fibrous  and  crys- 
talline, with 
seams  in  speci- 
men. 

Fibrous. 

Do. 

Do. 
Do. 

Uniform  fibrous. 

Do. 


Close  fibrous,  with 
scant    very  mi- 
nute crystals. 
Do. 

Fibrous. 

Fibrous   and  few 
crystals. 


Fi  brouft,  with  crys- 
talline spots. 

Fibrous  and  fairly 
close. 

Fibrous,  with  few 
minute  crystals. 
Do. 


\ 


\ 


Fibrous. 
"Do. 
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Statement  of  weights,  dimeMUmB,  and  meohanieal.  propertiea  of  UUter  lar-knup 


HeohttiMl  1 

1 

Dimensiona. 

Weights. 

- 

propotin 

■ 

SpedoM 

• 

(reuidUr 

i 

'Si 

« 

i 

b 

i 

1 

• 

s 

13 

"5 

mm* 

1 

A 

1 

^ 

, 

't 

9 

^ 

b 

p. 

a 

1 

I 

o 

i 

if 

1 

« 

1 

i 

r 

• 

3 

1 

1 

g 

* 

1883. 

Ft  In. 

Pdi. 

i>(t(. 

1883. 

- 

i 

1                 ( 

B2> 

\is 

•a 

• 

W. P*  F ........... 

Ban.... 

B2 

•  « 
« 

t  ■ 

Bl 

Dec.      fi 

2« 

102 

4x8ix8§ 

10    1 

76&3 

l>,tT8 

Dec.  18 

5U.S.P.  O.,  Sandy ^ 
\    Hook,  N.J.        \ 

do... 

B4 

• 

1 

772.8 

78,781 

I 

* 

1 

BxMABKB.— SQbHeqneat  to  lots  received  July  8d,  vll  apecimens  for  teat  were  taken  from  the  tan 
The  teats  at  Sandy  Hook  were  made  upon  the  Bodman  testlxig  machine  in  charge  of  Lieat.  C.  W. 
meaaurinff  progreasive  extenaiona,  Sec. 

NoTB.— Thn  Btanilard  physical  propcrtiea  established  for  the  acceptance  of  the  bar  iron  are:  tJItt 
fiactore  equal  to  0. 3  inch. 
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i  Meun,  Paulding,  Kemble  ^  Co,,  at  the  West  Point  Foundry ,  ^o.— Continaed. 


Meobanioal  properties. 


fdnaL 


m 

8 

-a 

I 


2 


Sq.in. 
0. 2S517 


0. 2552 
0.2552 


ElMtio  limit 

* 

.d 

• 

.4 

t. 

o 

a 

a 

9 

m^ 

9^ 

s 

o 

3 

^ 

c 

2 

S 

a 

1 

i 

s 

d 

1 

.2 

IB 

a 

■9 

S 

(D 

M 

R 

» 

Pdf. 

In. 

21,000 

0.001 

23,000 

0.001 
0. 00105 

22,600 

Ultimate. 


Reeistance. 


& 


ta 


we 

■a 

o 


Pdf. 
49,9G5 


0.25517    49,965 


40,000 
40,000 


49,442 


u 


I 


1 


Pdt. 
72,560 

88,000 


92,448 
87,735 


86, 518 


O 

a 
I 

I 

a 

« 

M 


In. 
0.298 

0.306 


0.287 
0.307 


0.302 


i 

I 

el 

a 

•3 


a 

o 

v< 
o 

o 

23 

el 


2.33 
2.13 


2.20 


I 


H 


a 

o 


I 

a 
o 
O 


P.  el. 
31.14 

43.22 


47.00 
44.15 


43.19 


Frecture. 


One-third     from 

shoulder. 
— do 


Three-fourths 

from  shoulder. 

Near  middle 


h 
5 


.d 


Close  fibrous,  with 

few  orjRtals. 
Close  fibrous,  with 
*  minute  crystals. 

Fibrous. 

Fibrous  fine  crys- 
tals. 


'es,  for  which  purpose  two  bars  of  each  quality  were  rolled  with  extra  leu^h. 
;  those  at  the  west  Point  Foundry  upon  the  machine  used  there,  which  has  no  applianoes  tor 

■ength  50,000,  and  elastic  limit  25.000  pounds  per  square  inch,  with  an  extension  per  inch  ai. 
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A  report  upon  the  maimfacture  and  tests  of  the  solid  forgings  for 
breech  ends  of  the  jackets  is  given  in  the  Annual  Beport  of  the  Chief  of 
urdnance,  U.  8.  Army,  for  1883,  page  215. 

The  tubes  were  made  and  put  together  in  the  usual  manner.  They 
were  subjected  to  a  preliminary  water  test  of  120  pounds  pressoie  in 
their  rough  state  immediately  following  the  press  welding. 

Some  observations  made  upon  the  shrinkage  of  the  highly-heated  see* 
tions,  after  they  were  removed  from  the  welding  pots,  gave  the  follow- 
ing  results:  A  diameter  of  16.25  inches  shrunk  0.375  inch ;  one  of  14.375 
inches  shrunk  0.3125  inch,  and  one  of  12.25  inches  shrunk  0.25  inch 
on  cooling  down  from  a  welding  heat,  giving  the  following  rates  of 
shrinkage  per  inch  of  diameter:  0.02255,  0.021276,  and  0.0198.  The 
special  importance  of  this  bears  upon  the  size  of  bore  of  welding  pots, 
so  as  to  leave  sufficient  metal  to  turn  off  the  rough  piece  when  cold. 

In  shrinking  the  heated  jacket  upon  the  tube  the  bore  of  the  jacket 
was  at  first  made  about  0.125  shorter  than  the  corresponding  portion  of 
tube;  it  was  afterwards  found  that  this  shortage  could  be  lessened  to  0.1 
inch  without  danger  to  a  firm  seat  of  the  tube  at  the  bottom  of  the 
bore  of  jacket,  that  is,  it  was  determined  that  the  longitudinal  expan- 
sion of  the  bore  of  jacket,  lenghth  43  inches,  was  when  heated  about 
0.1  inch.  Whenthejacketwas cooled  it  shrunk  awayfrom  theshoalder 
on  tube  to  the  extent,  on  an  average,  of  about  0.05  inch,  leaving  that 
space  to  be  calked  in  the  usual  manner,  and  the  length  of  bore  of  jacket 
permanently  extended  0.05  inch.  The  shrinkage  under  jacket  being 
0.003  inch,  it  was  heated  in  a  wood  fire  sufficiently  to  allow  the  free 
entrance  of  a  gauge  10.52  inches  in  diameter,  thus  providing  for  an  ex- 
pansion of  at  least  0.02  inch  over  the  portion  of  the  tube  to  be  encom- 
passed. 

Two  changes  were  made  in  the  prescribed  dimensions  during  the  coane 
of  manufacture,  one  with  reference  to  the  space  mentioned  above;  to 
enable  the  calking  to  be  made  as  effective  as  possible,  the  diameter  of 
*'  first  reinforce  of  tube''  was  reduced  from  11.6  to  11.55  inches,  leaving 
0.05  inch  to  be  removed  in  finishing  the  tube  for  insertion  in  the  cast^ 
iron  casing.  The  second  change  was  made  to  leave  the  diameter  of  neck 
of  tube  9.9  inches  unfinished,  thus  leaving  the  whole  exterior  of  the  tube 
to  be  finished  turned  in  a  single  lathe  at  South  Boston. 

In  the  inspection  of  the  work  during  the  regular  course  of  manufact- 
ure the  first  defect  developed  by  the  method  of  construction  in  voga^ 
was  at  the  *^  scarfing"  stage.  To  make  the  V  for  the  scarf  joint  theeod 
of  the  bar  is  split  along  a  plane  of  the  ^^  pile"  incident  to  the  manufact- 
ure of  the  bars  at  the  rolling  mill.  The  result  is  that  sometimes  the 
split  extends  into  the  bar  beyond  the  point  of  the  Vy  And  creates  a  re- 
ceptacle for  scales  and  cinder  within  the  iron  during  the  welding  of  the 
joint. 

In  coiling  the  bars  the  curvature  coincide^  with  the  flat  of  the  y,  and 
it  sometimes  happens  that  the  joint  is  torn  at  the  point  on  the  outside, 
leaving  a  cavity  in  the  bar.  When  this  occurs  it  is  remedied  by  cntting 
the  cavity  out  and  inserting  a  piece  of  tube  iron  to  completely  fill  {^ 
The  part  should  then  become  perfectly  sound  in  the  subsequent  coil- 
welding  operations. 

In  finishing  the  tube,  especially  as  regards  the  bore,  defects  iu  weld 
ing  and  cinder  marks  or  small  cavities  may  be  expected  to  develop  ^ 
tbe  boring  progresses ;  all  such  defects  are,  however,  believed  to  ^ 
entirely  due  to  the  manufacture  of  the  tube  itself,  to  be  situated  at  tb< 
joints  of  the  coils,  and  to  arise  from  imperfect  coil  welding,  or  from  cin- 
der or  scale  caught  duvmg  V^^  o^fet«i.Uoua»    The  Ulster  bar-iron  itself » 
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remarkably  free  from  dangerous  Beams.  In  the  case  of  one  tabe,  the 
roagh  boring  to  7.93  inches  showed  a  good  surface,  but  when  it  was 
finished,  bored  to  8  inches,  two  cavities  were  uncovered  at  coil  joints 
within  about  16  inches  of  the  muzzle  which  caused  the  rejection  of  the 
tabe.  This,  however,  was  but  one  out  of  fifty  tubes.  In  others  slight 
seams  were  not  unfrequently  developed,  but  insufficient  in  themselves 
to  be  considered  of  dangerous  import.  None  of  the  tabes  made  gave 
any  evidence  of  leakage  under  the  water  test.  On  the  exterior  of  the 
tube  the  only  defect  to  be  remarked  was  an  occasional  slight  rough- 
Dess  in  the  first  reinforce  arising  from  pit  holes  caused  by  the  fire  in 
the  coil- welding  operations.  This  portion  of  the  tube,  a  length  of  about 
8  inches  when  finished,  has  a  relatively  greater  diameter  with  refer- 
ence to  the  rough-forged  diameters  than  any  other,  and  consequently 
less  metal  is  removed  from  the  outside  in  finishing.  Such  defects^as 
arose  in  this  way  were,  however,  plainly  seen  to  be  superficial  and  not 
serious. 

With  the  present  method  of  inserting  the  wrought-iron  cap  in  bottom 
of  tabe,  a  difficulty  arises  about  securing  a  perfectly  smooth  contour 
at  the  junction  of  the  curve  of  its  lip  with  the  adjoining  fillet  in  tube. 
The  cup  is  entirely  finished  before  insertion;  it  is  threaded  over  its 
whole  exterior,  and  where  the  thread  runs  out  at  the  lip  end  a  portion 
of  the  lip  is  left  so  thin  that  it  spreads  in  cutting  the  thread  in  the 
lathe,  and  although  this  is  corrected  before  the  insertion,  the  same  thing 
is  liable  to  occur  when  the  cup  is  screwed  in ;  moreover,  where  this 
thread  runs  out,  a  portion  of  the  edge  of  the  cup  is  cut  away.  The 
after  "  finish  ^  boring  and  reaming  of  the  fillet  in  «the  tube  cannot  more 
than  partially  correct  the  roughness  at  the  extremity  of  the  thread,  for 
the  operation  of  the  cutting  tool  does  not  extend  within  the  cup.  A 
remedy  for  this  would  appear  to  lie  in  stopping  the  thread  on  the 
exterior  of  the  cup  short  of  the  thin  edge  of  the  cup.* 

The  following  are  the  principal  dimensions  of  the  tube  as  made  at 
this  foundry  preparatory  to  shipment  for  final  finish  and  insertion  at 
the  South  Boston  Iron  Works  (see  Plate  VI) : 


SulO^ot  of  meMorunent. 


JoUllttgi^of  tube 

^otel  length  of  inner  tabe  and  JAcket 

P^tetum  of  breech-plns  in  reer  of  tabe 

J^HOiof  bote  of  tabe 

}«B|thofneokof  tabe 

f^Bgthof  ehMeof  tabe 

pBfthof  lint  reinforoe  of  tabe 

T^Rth  of  Moond  reinforce  of  tube 

f*A|(th  of  third  reinforee  of  tabe 

{^■^gth  of  fourth  reinforoe  of  tube 

rj^tterof  boceyoftnbe 

^«terof  neck  of  tube 

}2**«terof  ohMeof  tube 

g**>i6terof  first  reinforee  of  tube 

rfj**>t«ter  of  eecond  reinforoe  of  tube 

g^eterot  third  reinforce  of  tabe 

jT^tteter  of  fuurth  reinforce  of  tube 

^^fth  of  muMle  collnr 

^terofmu^lecoiler \  J,°^^oj.  ; 

^cUioB.  in  niuxrie  collar f  1^,5*5     - 

f  I  width  — 

^^>id  length  of  Jacket 


Dimensions. 


Inehet, 

147.  W 

140.41 

7.25 

120.25 

ao 

71.27 
&78 
30.01 
7.0 
10.5 
8.0 
0.9 
10.8 
11.55 
13.0 
14.8 
15.0 
7.0 
0.78 
11.85 
0.875 
2.0 
80.41 


Remarks. 


Three  inches  surplus  left  at 
mussle. 


Left  for  threads. 
Not  rifled. 

Bougb-tnnied  to  dimensions 

*    varfinK   from    0.1   to  0.8 

inch  oyer  finished  sixes. 


Bough-turned. 


«  *  It  is  believed,  however,  that  the  tubea  previonsly  constructed,  ae  these  preseut 
*^V6  been,  have  performed  well  in  service. 
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^  Salijeet  of  meaBueinent. 

• 

Length  of  jacket  in  rear  over  inner  tube '. 

Length  of  jacket  over  inner  tabe    

Interior  diameter  of  Jacket  over  inner  tube 

Exterior  diameter  of  tube  onder  Jacket 

Corrv'ff ponding  shrinkage 

Total  length  of  inner  lobe 

Badina  of  curve  at  bottom  of  bore  of  jacket 

BadinHof  curve  at  bottom  of  tube 

Length  of  Vlowels  (2)  for  securing  tube  to  jacket 

Diameter  of  dowels  for  securing  tube  to  jacket 

Thickness  of  wrought-iron  cup  atbottom  of  tube 

Total  len  gth  of  cup 

Diameters  at  interior  of  cup i  ^^toin" 

Diameter  of  cup  over  threads 

Pitch  of  thread  on  cup 

Total  length  of  cast-iron  breech  plug 

Length  of  breech  plug  within  jacket 

Length  of  thread  on  breech  plug 

Diameter  of  breech  plug  over  threads 

Pitch  of  thread  on  breech  plug 

Diameter  of  shoulder  on  breech  plug 

Thickness  of  shoulder,  including  curved  portion 

Length  of  square  at  base  of  plug 

Side  of  square  at  base  of  plug 

Length  of  securing  pin  through  shoulder  on  plug 

Diameter  of  securmg  pin  through  shoulder  on  plug 

Weight  of  tube pounds.. 

Weight  of  muzzle  collar pounds . . 

TotM  weight pounds.. 


Dimensions. 


8 


Inchst. 

17.41 
43.0 
10.5 
10.503 
0.003 
123.0 
1.20 
1.25 
2.0 
0.75 
2.75 
5.5 
7.0 
4.6 
7.8 
to  the  in^h. 
24.06 
17.41 
16.41 
7.0 
0.26 
9.75 
1.25 
6.0 
5.0 
4.25 
1.0 
3,130 
68 
3,198 


Hydranlio  teets  of  tube: 
Preeaure  of  120  povnds  ap- 
plied to  inner  tube  aan 
jacket  in  forged  and  weMed 
state ;  also  to  Jacket  witii 
finished  bore  and^io  tube 
with  bore  of  7.93  inches,  i. 
«.,  when  prepared  for  a»> 
semblage. 


LowsteeL 


The  work  is  ander  inspection  at  all  stages,  and  the  tabe  may  be  re- 
jected upon  the  deteoCion  of  defects  in  material,  plans,  imperfect  welds 
or  cinder  marks,  especially  in  the  bore,  or  poor  workmanship.  The  tabe 
is  not  finally  accepted  until  the  finished  gun  has  passed  the  powder 
proof  prescribed  with  service  charges. 


MATEBIAL  AND  LABOR. 

The  completed  tube  comprises  the  following  parts  (see  Plate  VI): 

1.  The  inner  tube  made  entirely  of  rolled  iron  bars,  quality  A. 

2.  The  breech-cup  which  closes  the  bottom  of  the  inner  tabe^  forged 
solid  from  ends  of  the  A  iron  bars  cut  off  at  the  roUing-miU  in  squariDg 
the  ends  of  the  bars. 

3.  The  jacket  made  of  rolled  iron  bars,  quality  B,  except  a  section  at 
the  breech  (11.16  inches  outside  length)  forged  solid  from  mixed  Ulster 
tube  iron  scrap. 

4.  The  two  dowel  pins  of  Wrought  iron  fixed  in  the  base  of  the  tube 
and  let  into  the  jacket  to  assist  in  securing  the  two  parts  together. 

5.  The  cast-iron  breech  plug  of  gun  metal. 

6.  The  securing  pin  through  shoulder  of  breech  plug^.  made  of  low 
steel. 

7.  The  muzzle  collar  forged  and  welded  from  wrought  iron  scrap  of 
fine  quality. 
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Tlie  material  reqaired  for  the  several  parts  of  a  single  tabe  is  as  fol 
lo^ws  : 

Material  required  for  one  8-tfic^  coiled  wrought-iron  tubfj  breech  ineeriion. 


of  tab«. 


Dimensions. 


Quality  of  iron. 


Xnner  ^obe. 


k«t 


plus.. 
M-oxsle  collar 


Number  of 
bars. 


Length. 


A  iron  in  bars. 
A  iron  sorap  . 


^FeeU  Inch. 


Cross-sec- 
tion. 


I  Average 
,  weight 
iper  piece. 


Inehet. 


B  iron  in  bars. 


.  Ulster  tube  iron  sorap 

Oast  (gan  metal) 

Wrought  scrap  of  fine  qual- 
ity. 


26 


6  I  2. 25  square. 


Poundi. 
456 


27 
10 


1 
1 


2. 26  square. 
4x3ix3i 
hezagpnfu. 


r 


463.5 
777 


Total 
weight. 


Pound§. 
3.648 
137 
927 

1,554 

1.164 
402 
142 


lf<yrK. — The  A  and  B  iron  refer  tn  Ulster  tube  iron.    In  the  case  of  the  solid  forgings  the  total  weight 
l^-ren  inclades  an  increase  of  20  per  cent,  over  the  weight  of  the  rough  forged  pieces,  to  allow  for  loss 
of  'sreticbt  in  forging  to  size.    The  two  dowels  and  securing  pin  (low  steel),  which  are  of  small  dimen- 
omittCNd. 


JBhiel. — The  several  operations  in  the  smith  shop  reqhire  the  use  of  a 
beat  iug  furnace  for  "coiling"  the  bars ;  a  large  reverberatory  furnace  for 
forging  the  solid  breech-pieces  and  the  "coil  welding";  a  smaller  rever- 
beratory furnace  for  forging  the  breech  cups  and  muzzle  collars ;  a  press 
furnace  for  "  tube  welding,"  and  forge  ftres  for  scarping  and  "  butt  weld- 
ing ^  the  bars,  shaping  the  coils,  shrinking  together  the  sections,  and 
welding  the  muzzle  collars ;  the  fuel  used  in  the  furnaces  must  be  of 
good  quality.    The  use  of  an  impure  coal  has  been  found  to  ruin  the 
welding  qualities  of  the  iron,  which,  especially  the  A  iron,  has  so  much 
of  the  cinder  removed  in  the  rolling  process  that  it  is  denominated 
'*  dry."    The  fuel  commonly  used  at  this  foundry  is  Cumberland  (soft) 
coal.    Pennsylvania  gas  coal  was  used  during  a  part  of  the  time ;  it  pos- 
sesses the  doubtful  adv<antage  of  giving  a  fiercer  fire  and  more  heat 
than  the  Cumberland  coal.    An  approximate  estimate  of  the  amount  of 
coal  consumed  in  forging  each  tube  gives,  for  the  furnaces,  20,000  pounds, 
or  8.9  tons,  and  for  the  forge  fires  900  pounds.  \ 

A  suitable  crane  is  provided  for  each  furnace,  and  the  following  steam 
hammers  are  in  use :  For  the  coil  welding  and  heavy  forgings  one  of  8 
tons,  single  acting;  for  forging  the  muzzle  collars  and  breech  cups,  one 
of  3,000  pounds,  double  acting;  in  connection  with  the  tube  welding, 
one  of  3,300  pounds,  single  acting ;  and'  in  connection  with  the  butt 
welding  of  the  heavy  bars  an  unnecessarily  heavy  hammer  of  5,000 
];K)auds,  single  acting. 

Labor. — The  work  in  the  smith  shop  requires  1  foreman,  4  black- 
smiths, 2  machinists,  3  stokers,  and  about  13  helpers.  The  labor  ex- 
pended per  tube  is,  approximately :  Foreman,  5  days ;  blacksmith,  7.5 
days;  machinist,  7  days;  stoker,  5  days;  and  helper,  90 days,  of  10  hours 
each.  In  the  finishing  shop  about  10  lathes  and  6  boring  beds  find 
nearly  constant  employment  when  the  work  is  well  in  hand.  The  labor 
expended  per  tube  is,  approximately :  Foreman,  6  days ;  machinist, 
46  days;  machinist  (fitter),  2  days;  and  helper,  JO  days.  The  lathes 
and  bouring  beds  vary  in  capacity  from  24  to  42  inches  swing.  In  the 
outside  department,  the  handling  of  the  iron,  &c.,  will  employ :  Fore- 
man, one-half  day;  helper,  2  days. 
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Appendix   27a. 


Ofpiob  of  Inspeotoh  of  Ordnance,  U.  S.  Abmy, 

West  Point  Foundry, 
Gold  SpHngj  N.  Z.,  October  16,  1883. 

The  Chief  of  Ordnance,  U.  S.  Army, 

WasJiington.  D,  C. : 

General  :  I  have  the  honor  to  submit  the  following  report  in  regard 
to  one  of  the  8-inch  coiled  wrought  iron  tubes  now  being  made  at  this 
fonndry  ander  contract  dated  June  12, 1883,  and  to  request  authority 
to  have  the  same  rifled  at  this  foundry  and  inspected  in  that  state  be- 
fore it  is  sent  to  the  South  Boston  Iron  Works  for  insertion.  This  re- 
quest is  based  upon  the  fact  that  there  exists  in  bore  of  the  tube,  at  a 
point  35  inches  from  the  base,  a  slight  defect,  which,  by  using  care  in  the 
rifling,  can,  I  believe,  be  entirely  removed,  that  is  by  the  cutting  of  the 
grooves.  I  am  Wjell  informed  about  the  nature  of  this  defect  and  its 
cause,  and  have  not  up  to  this  time  rejected  the  tube  for  the  reasons 
herewith  given. 

My  attention  was  first  called  to  a  defect  in  this  tube  (the  inner  lube 
only)  on  September  10,  when  the  tube  was  rough  turned  the  second  time, 
toau  outside  diameter  of  11.25  inches  over  the  portion  at  the  breech  which 
comes  within  the  jacket,  this  being  about  0.25  inch  on  a  side  above  the 
Anished  exterior.  There  was  developed  on  the  outside  a  defect  at  the 
point  of  the  scarf-joint  where  the  two  bars  forming  the  rear  section  of 
the  tube  had  been  joined  end  to  end  in  butt- welding.  This  defect  was 
about  0.1  inch  in  diameter,  and  deep  enough  to  allow  the  insertion  of  a 
pin  to  a  depth  of  0.6  inch,  that  is  to  say  if  the  tube  had  been  finished 
in  this  state,  this  defect  would  have  extended  about  half  way  through 
the  wall  of  the  inner  tube  from  the  outside.  The  distance  of  this  defect 
^'rom  the  breech  of  the  tube  was  16  inches. 

As  the  tube  could  not  be  a^pted  in  this  state,  the  contractors  under- 
'^ook  a  remedy  whiph  thus  far  promises  success. 

When  the  exterior  defect  was  discovered  the  bore  of  the  tube  was  en- 
t^rgc^  to  about  7.94  inches  or  ^  inch  less  than  the  finished  bore,  and 
^his  constituted  the  principal  difficulty,  for  it  left  practically  no  margin 
"^1*  the.bendingof  thetube,  which  would  probably  occur  in  reheating  it. 

To  remedy  the  defect  an  attempt  was  first  made  to  weld  a  piece  into 
^^ti  tube  from  the  outside  in  an  ordinary'  forge;  to  do  this  a  wedge- 
shaped  opening  was  cut  in  the  tube  deep  enough  to  take  out  all  the  de- 
l^^^tive  part.  A  corresponding  wedge  of  tube  iron  was  also  made  to  fit 
''bis  opening.  The  tube  and  piece  were  then  heated  separately  to  a 
J'^^lding  heat  and  the  piece  welded  in  by  hammering.  To  prevent  injur- 
I'ig  the  bore  during  this  opefation,  a  mandrel  of  tube  iron  27  inches 
^^Ug,  0.625  inches  less  than  the  bore  at  its  larger  end,  and  having  a  taper 
^f  0.125  inches,  was  inserted  in  the  bore  from  the  muzzle  and  rested 
^Uder  the  portion  of  the  tube  operated  upon.  This  attempt, "aHhQugh 
^^ccessful  in  so  far  as  the  welding  of  the  piece  was  coucetiicA^  V^tv^^i^^ 
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tube  in  apparently  worse  condition  than  b<^fore,  since  the  open  fire  had 
wasted  away  as  much  of  the  iron  at  the  place  of  welding  that  insoffi- 
cient  metal  was  left  to  finish  the  exterior  of  the  tube. 

Thetnbe  having  asurplns  of  length  was  then  put  into  the  press- welding 
furnace,  where  it  was  evenly  heated  throughout  the  portion  adjacent  to 
the  defective  part  and  <*  upset"  until  the  exterior  diameter  was  restored 
to  sufficient  dimensions  to  finish.  In  this  operation,  also,  the  mandrd 
was  placed  in  the  bore  within  the  part  heated  in  order  to  keep  it 
straight.  After  the  upsetting  in  the  press  furnace  and  subsequent  '^  tap- 
ping" under  the  hammer  to  make  the  exterior  cylindrical  and  straight, 
the  tube  wiis  left  to  cool.  It  was  then  found  that  the  mandrel  coaki 
not  be  extracted.  This  rendered  it  necessary  to  slightly  reheat  the  tabe, 
when  the  mandrel  was  driven  out  with  great  difficulty  from  the  rear 
(the  breech  cup  was  not  yet  inserted).  After  the  mandrel  was  extracted 
it  appeared  that  its  surface  had  been  imperfectly  welded  in  spots  to 
the  interior  of  the  tube,  and  that  in  forcing  it  out  the  bore  of  the  tube 
had  been  badly  abraded  at  these  spots,  appearing  like  the  surface  of  a 
stick  of  wood  in  which  a  series  of  cut^  had  been  made  with  a  knife  with- 
out detaching  the  shavings.  It  was  found,  owing  to  these  abm^ions, 
that  the  bore  would  not  finish  to  8  inches  at  the  part  operated  upon. 
The  tube  was  therefore  once  more  placed  in  the  press-furnace,  re- 
heated and  finally  <<  tapped  "on  the  outside  under  the  hammer  to  reduce 
the  boie. 

The  tube  was  then  taken  back  to  the  finishing  shop  and  again  bored 
out  to  a  diameter  of  7.94  inches.  This  entirely  removed  the  abrasion 
of  the  bore,  except  in  two  spots  situated  near  together  in  the  direction 
of  the  axis  of  the  tube,  at  a  distance  of  35  inches  from  the  base.  An 
impression  of  the  bore  was  then  taken,  which  showed  these  defects  to 
be  of  so  slight  depth  as  to  warrant  the  belief  that  they  would  be  rt 
moved  by  finishing  the  bore  to  8  inches.  This  has  been  done,  aud  tbe 
only  defects  now  remaining  are  a  scarcely  perceptible  roughness  atoa 
place  and  an  abrasion  about  O.O'i  inch  deep  at  the  other.  These  tv^ 
defects  are  so  slight  and  are  so  situated  that  there  is  good  reason  t& 
believe  they  can  be  removed  by  rifling  the  tube  so  thatone  of  the  groore* 
will  intersect  and  remove  them  both,  the  groove  being  0.6982  inch  wide 
and  0.075  inch  deep. 

The  exterior  of  the  tube  has  also  been  rough-turned  and  found  to  be 
of  sufficient  dimensions  to  finish  to  the  diameter  required,  i.  «.,  10^ 
inches. 

The  Messrs.  Paulding,  Kemble  &  Go.  ask  to  be  allowed  to  rifle  th€ 
tube  themselves,  and  without  expense  to  the  Government,  in  which  re- 
quest I  concur,  not  only  because  I  think  an  imperfect  tube  should  not 
be  passed  by  the  inspector  at  this  foundry,  but  also  because  the  work- 
men here  are,  from  their  knowledge  of  this  tube,  best  situated  to  make 
it  finally  satisfactory  to  the  Government,  if  that  can  be  done. 

There  might  have  been  apprehended  from  this  treatment  a  degrada- 
tion of  the  iron,  due  to  overheating.  Except  when  the  outside  wasting 
occurred  in  the  open  fire,  however,  the  several  heatings  were  made  very 
slowly  and  carefully,  and,  it  is  believed,  without  injury  to  the  iron.  In 
the  open  fire  the  heat  was  applied  only  to  one  place  on  the  outride  of 
the  tube,  and  this  place  now  shows  clean  and  perfect. 

The  operations  yet  to  be  performed  before  the  tube  ,can  be  rified  are: 

1.  Insertion  of  the  breech  cup. 

2.  Turning  down  the  breech  in  preparation  for  shrinking  on  the  jacket 

3.  The  shrinkage. 
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4.  Beboring  the  tube  to  its  finished  diameter  of  8  inches,  in  order  to 
remove  any  compression  of  the  present  bore  which  may  be  induced  by 
the  shrinkage. 

Very  respectfully,  your  obeditot  servant, 

R.  BIRNIB,  Jr., 
Lieutenant  of  Ordnance, 

[First  indorsement.] 

Ordnance  Office, 
Washington,  October  18,  1883. 

Respectfully  returned  to  Lieut.  R.  Birnie,  jr..  Gold  Spring,  N.  Y.,  ap- 
proving his  recommendation  that  the  tube  within  referred  to  be  rifled 
at  the  West  Point  Foundry,  and  at  the  expense  of  the  West  Point  Foun- 
dry Association ;  provided  that  by  so  doing  no  injury  will  come  to  the 
nfling  in  the  subsequent  operations  of  finishing  and  inserting  it  within 
its  cast-iron  casing. 
By  order  of  the  Chief  of  Ordnance. 

CHAS.  S.  SMITH,         \ 
Captain  cf  OrdnancCj  Principal  Assistant 

[^Second  indorsement.] 

West  Point  Foundry, 
Cold  Spring,  N.  T.,  November  21, 1883. 

Respectfully  returned  to  the  Chief  of  Ordnance,  U.  S.  Army.  It 
having  been  definitely  decided  that  the  rifling  of  this  tube  would  not  be 
injured  by  subsequent  operations,  the  tube  was  finished  in  a  uniform 
Way  and  finally  rifled.  It  was  closely  inspected  to-day  and  accepted  as 
BatisfEictory  in  all  respects. 

R.  BIRNIE,  Jb., 
Lieutenant  of  Ordnance. 
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XEPORT  UPON  THE  CONSTRUCTION  OF  CONVERTED  S-INCH  RIFLE M 
39,  BREECH  INSERTION,  AND  EXAMINATION  OF  DEFECT  IN  %-im 
COILED  WROUGHT-IRON  TUBE  NOL  39  {ORIGINAL),  AT  THE  WBSTPOISI 
FOUNDRY, 

(1  plate.) 

Wbst  Point  Foundry, 
Gold  SpHngj  ST.  T.y  August  %  1884. 

The  Chibf  of  Obdnanoe,  XJ.  S.  Abmt, 

General  :  Upon  the  completion  of  converted  8-inch  rifle  No.  39 
(breech  insertion)  at  this  foundry,  I  have  the  honor  to  submit  the  fol- 
lowing report : 

The  original  gun  of  this  number  was  declared  nnsatisfactory  wba 
examined  subsequent  to  its  firing  proof,  as  appears  from  the  folloTnog: 

[Fourth  indorsement.] 

United  States  Ordnance  Proving  Ground, 

Sandy  Hook,  N.  J.,  April  1, 1681 

Respectfully  returned  to  Col.  T.  6.  Baylor,  commanding  (through  Capt.  W.  P.  ^ 
ring),  with  the  information  that  the  guns  within  referred  to  have  been  subjected tf 
the  proof  as  directed.  The  proof  of  ^iin  No.  39  was  not  satisfactory,  and  I  retain  ili< 
inspection  report  for  that  gun  unsigned.  A  depression  1.5  inches  wide  and  O.^)} 
0.3  inch  deep  was  developed  in  the  bore  of  the  gun  at  a  distance  of  88  inches  fiw 
the  muzzle.  It  extends  in  a  geneAl  direction  at  right  angles  to  the  axis  so  as  toeovet 
about  five  grooves.  It  is  gradual,  and  there  is  apparently  no  break  in  the  continiii? 
of  the  surface. 

C.  W.  WHIPPLE. 
Lieutenant  of  0rd»t9tf^ 

Sabsequently,  at  the  request  of  Paalding,  Kemble  &  Co.,  and  by  yoar 
autborizatioD,  dated  April  19, 1884,  the  gau  was  shipped  to  this  foandif! 
where  it  has  been  reconstructed. 

First  afrer  its  receipt  the  gun  was  entirely  dismantled. 

1.  The  copper  vent  piece  was  unscrewed  withoat  difficulty  and  ^ 
preserved  uninjured. 


2.  The  securing  pin  between  casing  and  tube  was  removed  bj 
ing  a  hole  within  it,  which  hole  was  afterwards  squared  and  served  as 
a  receptacle  for  a  wrench. 

3.  The  muzzle  collar  was  started  by  means  of  a  cold  chisel  hew 
against  the  outer  face  and  a  sledge  struck  against  the  head  of  ^ 
chisel.    After  being  started  the  collar  was  unscrewed  by  hand. 

4.  The  entire  tube  was  unscrewed  from  the  casing.  To  accompli^ 
this  the  gun  was  mounted  upon  a  lathe-bed  and  arranged  to  revolt 
slowly,  soft  inetal  supports  being  arranged,  one  under  chase  near  tli« 
muzzle,  the  other  at  the  neck  of  the  breech.    An  inclosure  of  brick  wa» 
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en  built  about  the  gun  and  covered  to  enable  it  to  be  thoroughly 
ated :  the  portion  of  the  gun  exposed  to  the  heat  extending  along 
e  middle  portion  to  within  about  20  inches  of  the  breech  and  muzzle 
ids.  A  strong  gearing  of  cog-wheels  was  firmly  connected  with  the 
eech  of  the  tube  by  which  the  motive  power  of  the  shop  was  used  for 
e  unscrewing.  A  current  of  cold  water  was  arranged  to  circulate 
Tongh  the  bore  of  the  tube.  On  May  3, 1884,  a  wood  fire  was  lighted 
)der  the  gun  at  8.30  a.  m. ;  cold  water  was  supplied  within  the  bore 
id  the  gun  was  kept  slowly  revolving.  The  fire  was  drawn  about  3  p. 
.,  when  the  gun  was  considered  sufficiently  hot,  its  temperature  being 
-obably  between  600^  and  600°  Fahr.,  as  judged  from  the  action  of  water 
hen  thrown  upon  it.  The  gun  was  then  clamped  in  its  bed  and  the 
ibe  started  by  applying  hydraulic  jacks  to  act  upon  the  spokes  of  the 
»g-wheels  directly  connected  with  the  breech  of  the  tube.  After  the 
(rew  was  started  the  machinery  was  set  in  motion  and  the  unscrewing 
^mpleted.  The  gun  was  then  swung  out  of  the  lathe  and  the  remainder 
*the  tube  withdrawn  directly  with  an  ox  team  and  block  and  tackle, 
he  carrent  of  water  was  maintained  in  the  bore  until  the  last  stage  of 
reoperation.  The  above  was  effected,  without  special  difficulty,  but 
le  arrangements  were  very  complete  and  involved  a  good  deal  of  time 
id  labor. 

5.  The  securing  pin  through  shoulder  of  cast-iron  breech  plug  was 
nlled  out  and  the  plug  unscrewed. 

6.  The  jacket  was  separated  from  the  inner  tube  as  follows:  The  tube 
ntire)  was  mounted  in  the  foundry  yard  upon  two  supports,  one  at 
"eech,  the  other  near  muzzle,  so  that  the  axis  was  horizontal  and 
K)ut  30  inches  above  the  ground.  A  heavy  cast-iron  collar  or  cross- 
sad  was  passed  over  the  chase  of  tube  to  abut  against  the  forward 
d  of  jacket ;  another  cross-head  was  placed  on  the  same  level  about 
inches  in  rear  of  the  breech,  and  these  (wo  cross-heads  were  con- 

cted  by  two  heavy  iron  rods,  outside  of  and  parallel  to  the  jacket, 
d  having  a  thread  and  nut  on  each  at  the  rear  cross-head.  The 
readed  opening  in  breech  of  tube  from  which  the  breech  plug  had  been 
^en  was  lined  with  sheet  copper  to  protect  the  threads  and  an  iron 
Under  passed  in  to  abut  against  the  base  of  the  inner  tube  and  pro- 
5t  a  few  inches  from  breech  of  jacket.  Between  the  rear  end  of  this 
d  the  rear  cross-head  an  hydraulic  jack  was  placed,  so  that  upon  aj)- 
i^ing  the  power  the  tube  would  be  moved  forward  and  out  of  the 
5ket.  An  open  brick  structure  was  built  to  apply  fire  (wood)  under 
i  jacket  and  a  current  of  cold  water  was  arranged  to  circulate  through 
i  bore  of  tube.  During  the  heating  the  tube  was  slowly  revolved, 
hen  the  fire  was  drawn  the  side  rods  were  passed  through  the  cross- 
ads,  and  by  adding  piece  by  piece  to  the  cylinder  between  base  of 
t>e  and  the  hj-draulic  jack  the  inner  tube  was  slowly  pushed  out. 
the  operation  was  performed  with  great  difficulty,  owing  to  the  fact 
it  it  was  scarcely  possible  to  expand  the  jacket  and  contract  the  tube 
the  same  time,  but  by  rebuilding  the  fire  several  times  and  allowing 
a  water  current  to  circulate  only  when  the  jack  was  at  work  it  was 
:2omplished.  The  water  current  would  completely  cool  the  inner  tube 
thin  a  few  minutes  (as  shown  by  the  temperature  at  outlet),  and  it 
«  at  this  period  that  the  tube  was  loosened.  The  heat  applied  in  this 
eratiou  was  not  greater  than  that  ordinarily  used  for  heating  the 
iket  to  shrink  it  originally  upon  the  tube. 

Fhe  gun  casing  was  examined  and  star-gauged  with  a  view  to  de- 
ling upon  its  use  in  the  reconstruction  of  the  gun.    It  was  found  to 
in  good  condition,  and    the   star-gauge  measurements  ^^\xi^w\^^ 
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closely  with  those  made  at  the  Soath  Boston  Iron  Works  daring  tk 
original  constmction  of  the  gun,  there  being  an  average  difference  be- 
tween the  two  independent  set^  of  measnrements  of  less  than  0.001  inch. 

The  jacket  was  also  carefully  examined  with  the  same  view,  andiii 
found  to  be  in  good  condition  both  outside  and  inside.  The  muzzleeod 
of  the  bore  was  very  slightly  bell-shaped ;  but  for  the  remainder  of  tk 
bore  the  star-gauge  measurements  gave  almost  identically  the  same 
result  as  those  made  during  the  original  construction  of  this  tube.  The 
exterior  between  ^^  screw -head  and  first  shoulder "  was  found  to  be 
slightly  out  of  round,  one  diameter  being  about  0.004  inch  greater 
than  the  other,  and  the  greater  diameter  would  not  enter  the  casing,  eo 
that  when  the  jacket  was  fitted  to  casing,  this  eccentricity  was  corre^ 

The  following  parts  were  then  made  new  for  the  gun : 

1.  Inner  tube  complete. 

2.  Muzzle  collar. 

3.  Cast-iron  breech  plug. 

4.  Securing  pin  through  casing  into  tube;  and  these,  with  the  caosg, 
jacket,  and  copper  vent  piece  belonging  to  the  old  piece,  were  used  in 
reconstructing  the  gun. 

OAUSB   OF  FAILURE  OF  TUBE  NO.  39   (ORIGINAL)  UNDER  THE  FIBWCt 

PROOF. 

After  the  inner  tube  was  extracted  from  the  jacket,  as  previously  de* 
scribed,  it  was  cut  up  for  examination.  The  accompanying  drawing 
shows :  Fig.  1,  a  section  and  interior  elevation  of  the  half  tube  cutbj 
a  plane  coincident  with  the  axis  of  the  piece  through  the  defect;  and. 
Fig.  2,  a  cross-section  of  the  wall  of  tube  cut  by  a  plane  through  the 
middle  length  of  the  defect.  It  is  at  once  apparent  that  there  existed 
a  circular  cavity  about  i.I  by  O.IJ  inches  in  cross-section,  exteudio^ 
wholly  around  the  tube  at  the  middle  of  the  wall.  This  cavity  is  sdoof 
the  ^*'  lap^  of  the  joint  of  two  sections  of  the  tube  and  was  so  left  by  tht 
/'press  welding."  A  limited  portion  of  the  thin  wall  between  this  cavity 
and  the  bore  of  tube  gave  way  under  the  powder  pressure  and  cauaed 
the  defect.  The  edges  of  this  defect,  as  shown  in  Fig.  1,  are  slightlr 
cracked,  but  not  sufficiently  to  be  marked  on  the  impression  which  was 
taken  of  the  defect  at  the  firing  ground. 

The  nature  of  the  original  detect  in  construction,  t.  e,j  the  existence 
of  the  cavityj  is  sufficiently  serious  to  render  highly  important  a  knowl- 
edge of  the  cause  of  its  existence.  Unfortunately  the  explanatioD  of 
this  is  still  in  doubt.  The  two  remaining  section  joints  of  this  tube 
were  also  cut  through  for  examination;  one  of  them  was  perfect,  and  it 
the  other  there  existed  a  cavity  very  similar  to  that  at  the  joint  wheif 
the  defect  occurred,  only  that  it  was  much  smaller  and  less  dangeiwis, 
being  about  0.6  by  0.04  inch  in  cross-section.  In  all  of  the  joints  tiie 
^'butt  welds''  were  without  flaw. 

Two  diiferent  theories  may  be  advanced  to  account  for  the  existeooe 
of  the  original  cavity :  (1)  That  the  joint  was  originally  not  a  fit,  thit 
is,  a  space  may  have  existed  along  the  ^Map"  between  the  male  and 
female  portion  of  the  joint  when  put  into  the  ^' press  furnace."  Tte 
would  be  due  to  a  mistake  of  the  turner.  (2)  The  cavity  may  be  inri* 
dent  to  the  operation  of  "press  welding.'' 

The  opinions  of  persons  connected  with  the  foundry  whose  jad^* 
ment  in  this  matter  is  entitled  to  respect  are  about  equally  divided  ^ 
tween  the  two  theories. 
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he  cross-section  of  the  cavity  shown  in  Fig.  1,  with  up^r  and  lower 
8  nearly  straight,  favors  the  supposition  that  the  space  did  exist 
*e  before  the  press  welding;  but,  in  that  case,  the  male  diameter 
dd  have  been  nearly  0.25  inch  less  than  the  female  originally, 
oh  is  not  reasonable,  for  the  two  sections  are  held  together  by 
hk4ige  alone  when  placed  in  the  press  farnace.  The  prescribed 
nkage  is  0.02  inch  on  the  diameter,  and  when  two  sections  are  first 
ink  together  a  tie«rod  is  passed  through  the  bore,  but  this  is  re- 
red  and  a  x>orterbar,  much  smaller  than  the  bore  of  sections,  is 
sed  through  to  carry  them  to  the  press  furnace.  A  moderately 
it  fit  even  would  probably  serve  to  hold  the  two  sections  together 
ing  the  manipulation  subsequent  to  the  removal  of  the  tie-rod,  but 
tie  joint  were  loose  the  sectioos  would  almost  certainly  fall  apart. 
led  to  this,  the  whole  purport  of  evidence  on  this  point  is  such  as 
DSt  precludes  the  supposition  that  any  loose  joints  were  put  into  the 
us  furnace  during  construction  under  the  current  contract.  The 
dr  line  of  the  cavity  found  at  a  second  joint  in  this  tube  shows  an 
Eurd  curVe,  thus : 


•"hovB.^ 


indicates  that  the  male  part  of  the  joint  bulged  inward  during  the 
S8  welding. 

iter  the  weld  in  the  press  furnace,  under  end  compression,  and  with 
t  applied  only  in  the  vicinity  of  the  section  joint  (extending  some  9 
les  on  either  side  of  its  middle;,  the  wall  of  metal  is  considerably 
ged  both  inwards  and  outwards,  thus : 


'he  exterior  of  the  tube  is  at  once  ^<  lap  welded  "  and  straightened, 
he  same  heat,  under  a  steam  hammer,  during  which  operation  the 
1  is  unsupported  within,  and  the  inside  bulge  is  left  to  be  removed 
the  boring.  The  lip  of  the  joint  a  is  originally  made  0.04  inch 
^er  than  ft,  so  that  a  receives  that  amount  of  compression  before  the 
ipression  of  h  begins. 

'he  above  facts  constitute  good  grounds  for  supposing  that  one  or 
h  of  the  lips  may  be  carried  away  from  the  middle  line  in  this  bulg- 
process,  and  offer  a  reasonable  explanation  for  the  existence  of  cavi- 
.  in  the  wall  along  the  lap  joint.  The  fact  that  such  cavities  are  found 
K>me  joints  and  not  at  others  must  be  attributed  in  some  way  to  more 
ess  defective  heats.  The  interior  of  the  tube  being  possibly  less 
»ted  than  the  outer  portion,  any  tendency  of  the  lip  a  to  bulge  inward 
i  whole  would  be  more  decided;  at  the  same  time,  however,  the  arch 
uld  then  offer  a  greater  resistance  to  this  movement, 
t  is  evident,  from  the  position  of  these  cavities,  that  no  means  exist 
determining  whether  or  not  they  are  present  in  a  tub^,  u\A<^%  \i^<^ 
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tube  fails,  as  in  the  case  of  this  No.  39.  In  any  event,  however.ttd 
whatever  may  be  the  cause  of  these  cavities  as  found  at  same  of  tiie 
Joints,  it  is  evident  from  this  experience  that  the  present  method  rf 
butt  welding  the  sections  of  wronght-iron  tubes  is  open  to  serious  objeo- 
tions. 

B.  BIENIB,  Jr., 
Lieutenant  of  Ordfumct. 

Report  of  inepedion  of  coiled  wrought-iron  tube  No,  39,  hreech  insertion,  manufaetwni  ti 
the  West  Point  Foundry ^  for  S-inch  muzzle-loading  rifle  converted  from  10-tiiei^  emMA- 
bore  Rodman  gun,  under  contract  with  the  Chief  of  Ordnance,  U.  S.  Army,  dated  Jtu 
12. 1884. 


Sabjeot  of  meMurement. 


Total  lengtlL  of  tube 

Total  len^^th  of  inner  iabe  and  jacket . . . 
Prelection  of  breech  plug  in  rear  of  tabe 

"    loe 


Length  of  bore  of  tn 

Length  of  neck  of  tube 

Length  of  chase  of  tube 

Length  ef  first  reinforce  of  tube 

Length  of  second  reinforce  of  tube 

Length  of  third  reinforce  of  tabe 

Length  of  fourth  reinforce  of  tube 

Diameter  of  bore  of  tube 

l:>iameterof  neck  of  tube 

Diameter  of  chase  of  tabe 

Diameter  of  first  reinforce  of  tube 

Diameter  of  second  reinforce  of  tube 

Diameter  of  third  reinforce  of  tube 

Diameter  of  fourth  reinforce  of  tube 

Length  of  muzzle  collar 

Diameter  of  muzzle  collai |  ixteriOT* '. 

Play  between  mazzle  collar  and  neck  of 
tube 

Incisions  in  muzzle  collar I  ^clth 

Total  leneth  of  Jacket 

Length  of  jacket  in  rear  of  inner  tube. . . . 

Length  of  jacket  over  inner  tube 

Interior  diameter  of  jacket  over  inner  tube . 
Exterior  diameter  of  tube  under  jacket — 

Corresponding  shrinkage 

Total  length  of  inner  tube 

Badius  ofourve  at  bottom  of  bore  of  jacket 

lUdius  of  curve  at  bottom  of  tube 

Leng;th  of  dowels  (2)  for  securing  tube  to 

jacket 
Diameter  of  dowels  for  securing  tube  to 

jacket 
Thickness  of  wrought  iron  cup  at  bottom 

of  tube. 
Total  length  of  cup 

Diameters  at  interior  of  cup ...  J  ]jottom  ! 

Diameter  of  cup  over  threads 

Pitch  of  thread  on  cup 

Total  length  of  cast-iron  breech  plug 

Length  of  breech  plug  within  Jacket 

Length  of  thread  on  breech  plug 

Diameter  of  breech  plus  over  threads .... 

Pitehof  thread  on  breech  plug  

Diameter  of  shoulder  on  breech  plug 

Thicknesa  of  shoulder,  including  curved 

portion. 

Length  of  square  at  base  of  plug 

Side  of  square  at  base  of  plug 

Length  of  securing  pin  through  shoulder 

on  plug. 
Diameter  of  securing  pin  through  shoulder 

on  plug. 


Dimensiona. 


Pre 

scribed. 


Actual 


Inehet. 

147.86 

140. 41 

7.25 

120.25 

8.0 

71.27 

&73 

36.91 

7.0 

16.5 

8.0 

9.75 
10.8 
11.6 
13.6 
14.8 
15.6 

7.0 

9.76 

11.85 

0.01 

0.875 

2.0 
60.41 
17.41 
43.0 
10.5 
10.503 

0.003 
123.0 

L20 

1.25 

2.0 

0.75 
2.75 


5.5 
7.0 
4.6 
7.8 
3  to  the  inch. 


Inehet. 


7.25 


&0 
9.74 


9.75 


0.01 


17.41 
43.0 
10.503 
10.505 
0.002 


L20 
L25 
2.0 

0.75 

2.75 

5.5 
7.0 
4.6 
7.8 


24.66 
17.41 
16.41 
7.0 
0.25 
9.75 
1.25 

&0 
5.0 
4.25 

LO 


24.66 
17.41 
16.41 
7.0 
0.25 
9.75 
L25 

6.0 
5.0 
4.25 

LO 


Variations. 


Al- 
lowed. 


Inehet. 


±0.06 


±0.03 
±0.03 


Actual, 


Inehet. 


.0 
-.01 


±0.03 


±aoi 

±0.05 
±0.06 

±0.01 


±aoi 


±0.05 

±0.05 
±0.01 

±aoi 
±aoi 


±0.01 
±0.05 


±aoi 


-.01 


{ 


+.003 
+.002 
-.001 


Three    inches  mpte 
left  at  mnnls. 


Left  for  threads. 
Not  rifled. 


Bough  turned. 


Bongh  toned. 


The  omiBsions  is  "a^ 
nal  dimensions"  vi* 
tnm  the  fact  that  ^ 
tube  was  flnisbsd  sm 
inserted  in  tbecsosf  ^ 

this  fbnndry  (aathsn^* 
Chief  of  Oi^QaMe,V.& 

Army,  dated  Jsly  It 
1884) ;  it  was  OMnAi* 
considered  luu^&eeeMS 
to  take  the  rough  diaiB- 
sions  here  omitted. 

The  finished  diiB» 
sions  appear  oo  lDsp•^ 
tion  report  of  gon  Xoi  tt 
herewith. 
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't  of  inspection  of  coiled  wrought-irou  tube  Ko,  39,  breech  insertionf  ^o. — Continued. 

PHYSICAIi  PKOPERTIES. 


Spedxnfln. 

Area  of 
cross-sec- 
tion. 

Density. 

Tenacity. 

Elastic 
limit. 

Elonga- 
tion    per 
inch  at 
mptuie. 

Bemarks. 

of  2  8-ino1i  speoimeni  ... 
of  2  8-inoh  vpecimenB  . . . 
of  2  S-inoh  specimens  . . . 
pecimen 

8q.  ineh. 
0.25607 

0.25067 

0.26057 

L088 

Lbi. 
50,500 

48,600 

40,500 

88.286 

Lbt. 
23,000 

26,000 

25,000 

Inehet. 
0.24 

0.814 

0.27 

A-iron  2^  square 
for  inner  tube. 

B-iron  '2^  square 
for  Jacket. 

B-iron  4  X  3i  X  8| 
for  Jacket. 

Cast-iron  for 

7.2526 

breech  plug. 

GENERAL  REMABKS. 

liaulic  test  of  tube :  Pressure  of  120  poimds  applied  to  inner  tube  when  finished  ready  for  assem- 

with  Jacket. 

B  tube  was  made  to  replace  original  tube  Ko.  30,  accented  October  10, 1888,  which  failed  under  flr- 

xKsf  at  United  States  ProTlnff  Qround,  Sandy  Hook,  if.  J. 

)  Jacket  of  the  old  tube,  as  fitted  to  the  gun  casing  at  the  South  Boston  Iron  Works,  was  taken 

le  old  tube)  without  injury  and  used  again  for  this  tube.    The  inner  tube  and  breech  cop,  the 

non  breech  plug,  and  the  mussle  collar  are  new.    The  inner  tube  was  made  from  a  new  lot  of 

on  (A  iron),  of  which  the  physical  qualities  are  jriven  above.  The  physical  qualities  of  the  B-iron 

sket)  are  taken  from  inspection  report  of  tube  No.  30. 

Unation  of  tube :  Finished  and  inserted  in  casing  at  West  Point  Foundry. 

trtif  V  that  the  foregoing  report  is  correct,  and  that  the  8-inch  coiled  wrought-iron  tube  therein 

led  nas  been  accepted  by  me  as  conforming  to  the  standards  as  to  dimensions,  quality  of  material, 

laracter  of  workmanship  prescribed  by  the  Ordnance  Department. 

(ust  1, 1884 

B.  BIENIE.  Jr., 
Lieutenant  of  OrdncwiM,  ifupeefor. 
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Bewrd  of  measuremenU  with  star  gauge  and  oalipera  of  8-iiici^  mmzle-loading  cotmtf 

rifle  breech  insertion  No.  39. 


g 

i-^ 

"Sg 

a 

^i? 

e£ 

o2    i 

0 

11 

r 

1^ . 

So? 

Ill 

1 

«      ! 

m 

5 

4^ 

5  o  a 

• 

«  e  o  1 

Jneku. 

Inches. 

Inehes. 

1 

Inch.  \  Indies. 

Inehes. 

Inches. 

Inches. 

Inch. 

Inek. 

1 
2 

9.746 
9.744 

8.003 

i  8.003 

62 
63 

10.505 
10.5045 

10. 492 
10.492 

.013 
.0125 

aooo 

.....      ...4 

aooo  ' 

8 
4 

5 
0 

9.742 

9.741 

9.739 

10.490 

8.000    ■ 

'  8.000 

aooo 

.019       8. 000 

64 
65 
66 
67 

10.5045 
10.504 
10.504 
10.504 

10.493 
10.493 
10.493 
10.493 

.0U5 
.011 
.011 
.011 

aooo 

aooo 

aooo 

'  'iasoi' ' 

aooo 

7 

10. 5095 

10.489 

.0205 

8.000 

68 

aooo  : 

8 

10.509 

10.489 

.020 

8.000 

69 

"u.'mh' 

"ii.'475  " 

.6i55   aooo  1 

9 

10.5095 

10.489 

.  0205     d.  0005 

70 

11.4925 

11.477 

.0155 

aooo 

10 

10. 5085 

10.489 

.0195     8.000    i 

71 

11.492 

11.475 

.017 

aooo 

11 

10.5085 

10.489 

.0195     8.0005  ! 

72 

11.492 

11. 475 

.017 

aooo 

12 

10. 5085 

10. 489 

.  0195  '  8. 000 

73 

11.4915 

11. 476 

.0155 

aooo 

13 

10.5085 

10.489 

.  0195     8.  000 

74 

11.4915 

11. 4n 

.0145 

aooo  . 

14 

10.5085 

10.489 

.  0195     8. 000     i 

75 

11. 4915 

1L478 

.0135;  &0M  1 

15 

10.510 

10.490 

.02      1  8.000 

76 

11. 4915 

11. 478 

.0185 

aooo 

16 
17 
18 
19 
20 

10.5085 
10.508 
10. 5075 
10.507 
10.507 

10.489 
10.489 
10.489 
10.490 
10.489 

.0195 
.019 
.0185 
.017 
.018  " 

8.000 
8.000 
8.000 
8.000 
'8.000 

77 
78 
79 
80 
81 

aooo 

•  ■•  •«««*•• 

aooo 

"iaisss* 

ia4905 
la  5015 

aooo 

'  aooo 

'ia4965 

Vooe" 

aooo 

21 

10.507 

10.491 

.016 

8.000 

82 

13.5015 

ia4945 

.007     aooo 

22 

10.508 

10.490 

.018 

8.000 

83 

ia5015 

ia494 

.0075  1  aooo 

28 

10. 5075 

10.400 

.0175 

8.000 

84 

ia5015 

ia494 

.0075   aooo 

24 

10. 508 

10.491 

.017 

8.000 

85 

ia5oi 

ia494 

.007     aooo 

25 

10.508 

10.490 

.018 

&000 

86 

la  5015 

ia494 

.0075   aooo 

26 

10.508 

10.490 

.018 

8.000 

87 

la  5015 

18. 4935 

.008     aooo 

27 

10.508 

10.490 

.018 

8.000 

88 

la  5015 

ia495 

.0065   aooo 

28 

10.508 

10.491 

.017 

8.000 

89 

la  5015 

13. 495 

.0065   aooo 

29 

10.508 

10. 491 

.017 

8.000 

90 

13. 5015 

ia4955 

.006  !  aooo 

80 

10.508 

10. 491 

.017 

8.000 

91 

la  5015 

ia496 

.0055   aooo 

31 

10.507 

10.492 

.015 

8.000 

92 

la  5015 

ia496 

.0055  1  aooo 

82 

10.  5075 

10. 492 

.0155 

aooo 

98 

ia5015 

ia496 

.0055 

aooo 

83 

10.507 

10.492 

.015 

8.000 

94 

ia50i 

ia4955 

.0055 

aooo 

84 

10.507 

10.492 

.015 

8.000 

95 

ia50i 

ia4955 

.0055 

aooo 

85 

10.507 

10.492 

.016 

8.000 

96 

ia5oi 

la  495 

.006 

aooo 

86 

10.507 

10.492 

.015 

8.000 

97 

lasoi 

ia4945 

.0065 ;  aooo 

87 

10.507 

10.492 

.015 

7.9995 
&0OO 

98 

ia5oi 

ia495 

.006 

aooo 

88 

10.507 

10.491 

.016 

99 

la  5015 

ia495 

.0065 

aooo 

39 

10.507 

10.491 

.016 

8.000 

100 

]a5015 

ia4845 

.007 

aooo 

40 

10.5065 

10.491 

.0156 

8.000 

101 

la  6015 

]a4945 

.007 

aooo 

41 

10.506 

10.491 

.015 

&000 

102 

la  5015 
la  5015 

ia%9«5 

.007 

7.9M6 

42 

10.506 

10.491 

.016 

8.000 

108 

ia496 

.0065 

aooo 

43 

10.506 

10.492 

.014 

8.000 

104 

ia5oi 

ia4955 

.0055 

aooo 

44 

10.506 

10.492 

.014 

8.000 

106 

ia6oi 

ia495 

.006 

aooo 

46 

10.506 

'   10.491 

.015 

&000 

106 

ia6oi 

ia495 

.006 

aooo 

46 

10.506 

10.491 

.015 

8.000 

107 

lasoi 

ia496 

.006 

aooo 

47 

10.506 

10.492 

.014 

8.000 

108 

ia50i 

ia4955 

.0055 

aooo 

48 

10.506 

10. 491 

.015 

8.000 

109 

ia50i 

ia495 

.006  >  aooo 

49 

10.606 

10.491 

.015 

a  000 

110 

laeoi 

ia4955 

.0055 

aooo 

60 

10.506 

10.491 

.015 

8.000 

111 

ia50i 

ia496 

.005 

aooo 

61 

10.506 

10.492 

.014 

8.000 

112 

ia50i 

ia4»55 

.0055 

aooo 

62 

10.506 

m492 

.014 

8.000 

118 

lasoi 

ia4945 

.0066 

aooo 

58 

10.506 

10.492 

.014 

8.000 

114 

!  aooo 

54 

10.506 

4  W«   ^•^•P 

ia492 

.013 

8.000 

115 

"i4.*696 

'*ii'6925" 

.0085   aooo 

55 

10.505 

10.402 

.013 

8.000 

116 

14.696 

14.6925 

.0085 

aooo 

66 

10.505 

10.492 

.013 

&000 

117 

14.696 

14.6925 

.0035 

aooo 

57 

10.5045 

10.492 

.0125 

a  000 

118 

14.696 

14.0925 

.0035 

■  •  •  •••••» 

58 

10.505 

10.492 

.013 

a  000 

119 

14.696 

14.6915 

.0045 

58 

10.505 

10.492 

.013 

aooo 

120 

14.696 

14.«90 

.006 

•  • 'I 

60 
61 

10.  .505 
10.505 

10.492 
10.492 

.013 
.013 

aooo 
aooo 

121 

122 

• 

14.696 
14  6965 

14.6906 

.0055 

J 

JiV»  WVW 

i 
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ord  of  mea»urement9  with  star  gav^e  and  eaX%ber»  of  S-inok  muMgU'loading  convmied 

rifie  hreeoit  insertion  No,  39— Continued. 


AJTSB  BIFUNG  TO  BOTTOM  OF  GROOVES. 


Grooves. 

1 

• 

1 

1 

1 

1 

1 

CO 

d 

1 

55 

s 

lO 

1 

ID 

1 

1 

00 

9 

Ok 

9 

e 

Si 

1 

1 

4 

&146 

8.151 

8.150 

a  151 

a  154 

a  146 

ai47 

a  151 

a  151 

a  150 

a  165 

a  148 

a  151 

0.0756 

14 

6.146 

8.151 

8.148 

a  151  a  154 

a  149 

a  147 

a  149 

a  154 

a  152 

a  165 

a  150  j8. 151 

0.0756 

2i 

&148 

a  150 

&148 

a  148  a  153 

a  149 

a  148 

a  148 

a  149 

a  149 

a  162 

a  150  a  150 

0.0750 

84 

&147 

a  151 

a  148  is.  150  a  148 

a  148 

a  148 

a  148 

a  147 

a  149 

a  159 

a  150 

a  149 

0.0745 

44 

&146 

&147 

a  148  a  149  a  149 

a  147 

a  149 

a  149 

a  147 

a  150 

a  160 

a  160 

a  149 

0.0746 

54 

&147 

8.148 

a  147 

a  150  >a  152 

a  150 

a  145 

a  150 

a  147 

a  149 

a  165 

a  150 

a  150 

0.0750 

64 

&147 

&148 

a  147 

a  151  a  152 

a  151 

a  147 

a  150 

a  148 

a  150  ,a  106 

a  150  a  150 

0.0750 

74 

8.143 

8ul47 

a  149 

a  152 

a  155 

a  150 

a  149 

a  152 

a  153 

a  154 

a  167 

a  150 

a  161 

0.0755 

84 

&155 

8.150 

a  158 

a  154 

a  156 

a  152 

a  150 

a  156 

a  153 

a  155 

a  162 

a  150 

a  154 

0.077 

M 

&156 

&150 

a  156 

a  159 

a  154 

a  154 

a  152 

a  154 

a  152 

a  152 

a  168 

a  158 

a  167 

a  0786 

104 

aLl54 

&152 

a  162 

a  162 

a  166 

a  162 

a  155 

a  161 

a  154 

a  154 

a  175 

a  167 

a  159 

0.0796 

Hrtri  of  inspection  and  proof  of  8^nch  muzglo-loading  rifle  No»  39,  converted  (Inreeek 
toertion)from  IMnch  Rodman  smooth-bore  gun  No.  — ,  at  the  West  Point  Foundry,  under 
9ntraei  of  ^e  Chitf  of  Ordnance,  dated  June  12,  1883. 


Bnl^eet  of  meMniement. 


dmum  eooentrioity  of  bore  of  casing . . . 

Unoe  from  breecn  to  first  shoulder  of 

Ming. 

snace  at  first  shoulder  between  tnbe 

ndeasiag. 

tanee  from  breech  to  second  shoulder  of 

Ming. 

aranee  at  second  shonlder  between  tnbe 

ndcastng. 

tance  liom  breech  to  third  shonlder  of 

Ming. 

araace  at  third  shonlder  between  tnbe 

sdoasing. 

an  exterior  diameter  of  finished  tnbe 

mn  screw-head  to  first  shonlder. 

rresponding  mean  diameter  of  bore  of 

Mln^ 

responding  play 

an  exterior  diuneter  of  finished  tnbe 
rom  first  shoulder  to  second  shoulder, 
rresponding  mean  diameter  of  bore  of 
aaing. 

rresponding  play 

Ma  exterior  diuneter  of  finished  tnbe 
*tmn  second  shonlder  to  third  shoulder, 
rresponding  mean  diameter  of  bore  of 
taaing. 

rreipmidlng  play 

2^  exterior  diameter  of  finished  tube 
Ivom  third  shonlder  to  neck, 
'■responding  mean  diameter  of  bore  of 
Msing. 

vfeepondlng  play 

Bffth  of  musxle  collar 

Offth  of  recess  in  casing  for  musxle  col- 

ST. 

°^h  of  screw  on  muxsle-coUar , 

''gth  of  screw  on  recess  in  casing 

'^^Aa  in  length  of  screw  on  oollu  oyer 
^t  Id  recess. 

^eter  of  tnbe  over  neck 

12^  diMDeter  of  musxle  collar 

'^^^ponding  play 


Dimensions. 

Variations. 

Pre- 
scribed. 

Actnal. 

id- 
lowed. 

Actnal. 

Esmarka. 

Jnehss, 
0.002 
21.6 

0.001 
21.6 

a 

±0.1 

.f!^.. 

0.06 

0.066 

±0.02 

60.01 

5a  996 

db0.1 

-.016 

.06 

.07 

±0.08 

•i-.oa 

67.51 

67.696 

±0.1 

+.086 

a 

0. 

a 

14.7 

14.692 

±ai 

-.008 

14.708 

14.696 

±ai 

-.007 

O.O08 

ia5 

0.004 
ia496 

0. 
±0.01 

-fsOOl 
-.006 

' 

ia608 

laeoi 

±0.01 

-.002 

0.008 
U.5 

0.006 
11.476 

0. 
±0.1 

+.008 
-.024 

1L615 

11.482 

±ai 

—.028 

0.016 
10.5 

0.016 
10.491 

0. 
±0.1 

+.001 
-.009 

• 

10. 515 

ia506 

±ai 

-.009 

0.015 

ao 

5.66 

a  15 

3.275 

0.125 

9.75 
9.76 
0.01 

0.015 
5.0 
a  575 

a  15 

a  275 
0.125 

9.74 
a  76 

a  01 

0. 
±0.1 
±0.1 

±0.1 
±0.1 
±0.02 

±0.03 

±0.08 

0. 

-.076' 

-.01 
-.01 

Original  gnn  No.  89  on 
this  contract  was  con* 
demned     under    firing- 
proof  at  United  States 
Ordnance    Provlns 
Ground,  Sandy  Hook^ 
J.     (See  Lieut.  C.   \V. 
Whipple's   indorsement 
da.t«a[  ^asA^  IBLm^Y,  ^. 
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REPORT  OP  THE  CHIEF  OP  ORDNANCE. 


Bepari  of  inspection  and  proof  of  Q-inoh  niugzU;-loading  rifle  No,  39 — Continaed. 


Subject  of  measurement. 


Diameter  of  musale  collar  across  threads . . 

Diameter  of  recess  in  casing 

Play  between  collar  and  casing 

Tmckness  of  collar 

Pitch  of  thread  on  collar 

Lwkgth  of  screw  on  Jacket  (from  tangent 
at  oase). 

Pitch  of  screw  on  Jacket 

Diameter  of  Jacket  across  threads 

Corresponding  diameter  of  casing 

Corresponding  play 

Length  of  bore  of  tube 

Length  of  rifled  portion  of  bore 

Diameter  of  bore  across  lands 

Width  of  erooves 

Width  of  lands 

dumber  of  grooves  and  lands 

Depth  of  grooves 

Lands  rounded  with  radius  of 

Grooves  filleted  with  radius  of 

Pitch  of  rifling J 

Diameter  of  vent 

Diameter  of  vent-bushing 

Axis  of  vent  from  bottom  of  bore 

Axis  of  vent  to  left  of  vertical  plane 
through  axis  of  bore. 

Length  of  securing  pin 

Diameter  of  securing  pin    

Distance  of  securing  pin  from  muscle 


Dimensions. 


Pre- 
scribed. 


11.75 
11.76 

0.01 

1.0 

0.5 
14.2 

2.50 
15.5 
15.505 

0.005 
117.25 
107.25 

&0 

0.6982 

0.349 
24.0 

0.075 

0.01 

0.02 

1  in 

80  ft. 

0.2 

0.98 

4.50 

2.50 

I 

6.20 
1.5 
60.0 


Actual 


11.75 
11.76 

0.01 

1.0 

0.5 
14.12 

2.50 
15.5 
15.505 

0.005 
117.20 
107.20 

8.0 

0.6982 

0.349 

24.0 

0.0755 

0.01 

0.02 

1  in  ) 
30  ft.  5 

0.2 

0.96 

4.50 

2.50 

6.20 
1.5 
60.0 


YariatieBa. 


Al- 
lowed. 


±0.03 

i:0.03 

0. 
±0.01 

0. 
±0.06 

0. 
±0.05 
±0.05 

0. 
±0.02 
±0.2 
±0.03 
±0.01 
±0.01 


±0.005 


0. 

±0.005 
±0.01 
±0.01 
±0.01 

±0.01 

±0.005 

±0.2 


ActuaL 


-.08 


-.05 
-.05 


+.0005 


By  aathonty  of  tlw 
Chief  of  Ordnanee.  U.  S. 
Army,  dated  JoIt  12, 
1884,  the  present  gaBbM 
been  completed  at  thb 
foundry  and  replaeci  th» 
original  gun  of 
number. 

The  cast-iron 
of  original  gnn  hu  ben 
used  again  wtdkovt  oAer- 
aHon\  also  the  copper 
vent  piece. 

The  original  wroaght* 
iron  Jacket  has  beoi  al- 
tered only  by  alijibt  fit- 
ting on  outside  betvcci 
"  screw  head  and  ftnt 
shoulder  of  fiaiaiud 
tube." 

The  following  parta 
are  new: 

1.  Wrought-iron  iaav 
tube  and  breech  enp. 

2.  Wrought-iroD  BO' 
sle  collar. 

3.  Cast-iron  bneek 
plug. 

4.  S  ecuring  pia 
through  casing. 


Weight  of  gun 15, 985  poinds 

Physical  properties :  (See  inspection  report  of  coiled  wrought-iron  tube  No.  39  (duplicate)  for  S-iack 
mnxzieloa^ng  rifle,  breech  insertion.) 

I  certify  that  the  following  report  is  correct,  and  that  the  8*inch  rifle  therein  specified  has  beM  » 
oepted  by  me  as  conforming  to  the  standards  as  to  dimenidons,  quidlty  of  material,  and  ohanctM  d 
workmanship  prescribed  by  the  Ordnance  Department. 
August  2,  1884. 

R.  BIRNIS.  Jr., 
lAtuienanJlof  Ordnano$^  Jntpid$r^ 
POWDER  PROOF. 


No.  of 
fire. 

Time. 

Powder. 

Prqjeotile. 

Eleva- 
tion, in 
degrees. 

Pressara. 
lbs.  per  «t 

Month. 

Day. 

Kind. 

Weight. 

Sind, 

Weight. 

in.  mhan, 
Rodnas. 

1 
2 

August 
August 

30 
80 

fDu  Pout's   hexag- 
J     onsl,    E.  V.   M. 
'      density,       1.750;  ' 
Gran.  72. 

Pounds. 

35 
35 

Butler  (old). 
....do 

Pounds. 

180 
181 

0. 
0. 

■ 

ENLARGEMENT  OF  BORE  AFTER  POWDER  PROOF. 

Inches  fh>m 
muzsle. 

Original  di- 
ameter of 
bore. 

Diameter  of 

bore  after 

flring. 

Total 
enlarge- 
ment- 

Play  of 
tube. 

Enlargement 
after  deduct- 
ing p  ay  of 
tube. 

Remarks. 

106 
88 
74 
50 

Inches. 
8.002 
8.002 
a  002 
8.002 

Inches. 
8.008 
8.009 
a  014 

aoo4 

Inch. 

0.006 
0.007 
0.012 
0.002 

1 
Inch.     \        Ineh. 
0. 006    1             0. 0000 
0. 0065                0.  0005 
0.0145                0.0000 
0.015    1              0.0000 

1 

Greatest  enUrgenmt. 

I  certify  that  the  8-inch  rifle  above  specified  has  endured  satisfactorily  the  powder  proof  preftcribc^ 
by  the  Ordnance  Department. 
Place  of  proof:  Sandy  Hook  Proving  CStTOxxnA.  C.  W.  WHIPPLE, 

lAw»\riv«iv\  rif  Ordnance^  Pri»f  Opesr. 


BEPOBT   OF   THE   CHIEF   OF   ORDNANCE. 
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Stmr-gauging  of8^in6h  muggU'loading  converted  rifle  No,  39,  hreeck  inMertUm, 


Inches 

Orij^al 

Diameter 

Inches 

Original 

Diameter 

from 

diameter 

after  two 

fVom 

diameter 

after  two 

mcLxile. 

of  bore. 

rounds. 

muszle. 

of  bore. 

rounds. 

Inches. 

Jnehei. 

Inehet. 

Inekes. 

106 

8.002 

aoo8 

64 

aoo2 

a  005 

105 

8.002 

aoo8 

62 

a  002 

a  004 

104 

8.002 

a  008 

60 

a  002 

aoo4 

103 

&002 

a  008 

58 

a  002 

a  004 

102 

8.002 

aooo 

56 

a  002 

a  006 

101 

&002 

aooo 

54 

a  002 

aoo4 

100 

&002 

aooo 

52 

aoo2 

aoo4 

00 

8.002 

a  008 

50 

a  002 

aoo4 

08 

8.002 

a  008 

48 

a  002 

aoo4 

07 

8.002 

a  008 

46 

a  002 

a  003 

00 

8.002 

a  008 

44 

a  002 

a  008 

05 

a  002 

a  008 

42 

a  002 

aoo2 

04 

8.002 

a  008 

40 

aoo2 

a  002 

08 

8.002 

a  008 

38 

aoo2 

a  002 

02 

8.002 

aoo7 

36 

aoo2 

a  002 

01 

8.002 

a  007 

84 

aoo2 

aoo2 

00 

&002 

aoo7 

82 

a  002 

aoo2 

80 

8.002 

a  008 

30 

aoo2 

a  002 

88 

8.002 

aooo 

28 

aoo2 

a  002 

87 

8.002 

•  aooo 

26 

a  002 

a  003 

86 

8.002 

a  010 

24 

a  002 

a  003 

85 

&002 

a  010 

22 

a  002 

aoo3 

84 

&002 

a  010 

20 

a  002 

a  003 

88 

8.002 

a  010 

18 

a  003 

a  003 

82 

8u002 

a  010 

16 

a  008 

a  008 

81 

8.002 

8  000 

14 

a  003 

a  003 

80 

aoo2 

aoo6 

12 

a  003 

a  003 

78 

8.002 

aooo 

10 

a  003 

a  003 

76 

8.002 

a  on 

8 

a  003 

aoo3 

74 

&002 

a  014 

6 

a  003 

aoo8 

72 

a  002 

a  014 

4 

aoo8 

aoo3 

70 

aoo2 

a  010 

2 

a  008 

a  003 

68 

a  002 

a  006 

1 

aoo8 

a  003 

66 

aoo2 

aooo 

Pressure:  First  round,  28,000;  second  round,  29,000. 
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REPORT  OP  THE  CHIEF  OP  ORDNANCE. 


RECORD  WITH  TESTING  MACHINE. 

Speomen  of  UUter  tube  iron  marked  A  7,  taken  with  the  fiber  from  lot  of  2^  inch  tquamim 

of  A  iron  reoewed  May  12, 1884,  at  West  Point  Foundry, 

Ltngthofspecimen  between  shoulders:  Original,  8.00  inch ;  after  rapture,  8.774  inches.    Dlaoitiill 
specimen :  Original,  0.571  inch ;  after  ruptctre,  0.432,  0.428  inch ;  mean,  0.430  inch.] 


Wei£ht 
applfod. 

Measure- 
ments nn- 
der  stress 
—length. 

Measure- 
ments re- 
lieved from 
stress— 
length. 

Weiffht 
applfed. 

Measure- 
ments un- 
der stress 

— ^length. 

Measure- 
ments re- 
lieved from 

length. 

Pounds. 

Poundt. 

256.1 

.221 

.221 

6,014.7 

.237 

.283 

612.2 

.221 

.221 

7, 170. 8 

.237 

.284 

768.3 

.221 

.221 

7,426.9 

.239 

.236 

1,024.4 

.221 

.221 

7,683.0 

.2M 

.241 

1,280.5 

.221 

.221 

7,939.1 

.253 

.249 

1,636.6 

.221 

.221 

8,195.2 

.256 

.253 

1,702.7 

.221 

.221 

8,451.3 

.267 

.264 

2,048.8 

.221 

.221 

8, 707. 4 

.277 

.273 

2,804.0 

.222 

.221 

8,963.6 

.282 

.277 

2,661.0 

.222 

.221 

9,219.6 

.292 

.287 

.  2,817.1 

.222 

.221 

9,475.7 

.305 

.301 

3.073.2 

.222 

.221 

9, 73L  8 

.300 

.304 

3«329.3 

.222 

.221 

9,987.9 

.826 

.321 

3,685.4 

.222 

.221 

10,244.tf 

.335 

.330 

3,841.5 

.222 

.221 

10, 600. 1 

.361 

.355 

4,097.6 

.222 

.221 

10,756.2 

.364 

.350 

4,353.7 

.223 

.221 

11, 012. 3 

.368 

.862 

4,609.8 

.223 

.221 

11,268.4 

.406 

.390 

4,865.9 

.223 

.221 

11,  524. 5 

.411 

.404 

6,122.0 

.223 

.221 

11, 780. 6 

.444 

.439 

6.378.1 

.223 

.221 

12,036.7 

.451 

.444 

5,634.2 

.224 

.221 

12,292.8 

.488 

.490 

5.800.3 

.224 

.221 

12,548.9 

.607 

.499 

6.146.4 

.224 

.222 

12, 805. 0 

.687 

.681 

♦6. 402. 6 

.235 

.232 

13, 06L 1 

.776 

.765 

6.658.6 

.236 

.232 

13,317.2 

.906 

*  The  record  is  reliable  up  to  the  elastic  limit ;  at  24,000  pounds  per  square  inch  too  niiioh  p; 
was  accidentally  applied. 
Specimen  taken  from  end  of  bar  included  in  lot  of  iron  (different  bar  from  A7). 
Tested  at  United  States  Ordnance  proving  ground,  Sandy  Hook,  K.  J.,  May  24, 1884. 
Tested  by— 

C.  W.  WHIPPLK. 


BEPOBT   OP  TTHE  CHIEF  OP   ORDNANCE. 
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Table  of  deduced  resulie. 


Poundg. 

1.000 

•  *  ♦ 

9.000 
10,000 
11,000 
13,000 
13,000 
14,000 
15,000 
16,000 
17,000 
18,000 
19. 000 
20,000 
21,000 
22,000 
23,000 
24,000 
25,000 
28,000 
27,000 
28,000 
29,000 
80.000 
81,000 
32,000 
38,000 
84,000 
35,009 
80,000 
87,000 
88,000 
89,000 
40,000 
41,000 
42,000 
43,000 
44,000 
45,000 
48,000 
47,000 
48.000 
49.000 
50.000 
51,000 
52.000 


«5 


Inch. 


.00034 
.000d{ 
.0003i 
.00034 

.ooosi 

.0003i 

.0003}  ' 

.0003{ 

.00061 

.0006} 

.0006} 

.0006} 

.0006} 

.001 

.001 

.001 

.0046} 

.005 

.00531 

.0053{ 

.006 

.0076} 

.0106} 

.oiir 

.011 

.oil 

.020! 

.0236} 

.028 

.02931 

.035 

.038 

.0466} 

.0476} 

.049 

.0616} 

.0633; 

.07431 

.0766} 

.0923} 

.0953} 

.122 

.185 

.258 


itt 

|25 


Inch. 


^^  • 

2-95 

U 


Su^ 


a 


Inch. 


.00431 

.00134 

.0056} 

.003 

.0086} 

.001 

.00181 

.0126} 

.  0016} 

.011 

.00234 

.0156} 

.008 

.0286} 

.063 

.078 


.00034 

.0003} 

.0003i 

.0003J 

.0003 

.0003] 

.00034 

.0003| 

.0006} 

.0006} 

.0006} 

.0006} 

.0006} 

.001 

.001 

.0006} 

.001 

.00134 

.00134 

.001 

.001 

.001 

.0013i 

.001 

.001 

.OOlSi 

.0016} 

.ooir 

.OOlJ 

.0011 

.0016} 

.0016} 

.002 

.0016} 

.002 

.00234 

.0023{ 

.0016} 

.0023i 


.OOS 
.002 
.0036} 
Broke. 


11-9 


JnrA. 


+.0005 
+.00031 
0. 


.00034 

.0036} 

.0036} 

.004 

.0048i 

.005 


.OK 

.01484 

.01734 

.0186} 

.023 


.0726} 
.07434 

.or 


.12 
.1813i 


.003 
.00134 
0033{ 


GENERAL  SUMMARY. 

toeoillo  f^iATlty 

fiLKrdncM 

XUsUo  limit pounds..    23,000 

JEzteosion  per  inch  atelMtio  limit inch..  0.001 

Ultimikte  retiatMice  per  sqaare  inch  of  original  area pounds..    52,000 

Ultimate  extensioD  per  inch inch..  0.258 

Batio  of  elastic  to  altlmate  resistance 2.28 

Original  area  of  cross-section sqoareinoh..  0.25807 

Contraction  in  area  at  fracture per  cent. .48. 8 

tntimate  resistance  per  square  inch  of  fractured  area pounds . .    91, 700 

Position  of  fracture one-fourth  disUmoefrom  upper  shonldmr. 

Character  of  surilMse uniform  fibrous. 
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REPORT  OP  THE  CHIEF  OP  ORDNANCE. 


RECORD  WITH  TESTING  MACHINE. 


Jjpeoiman  of  Ulster  tube  iron,  marked  A  7,  taken  wiik  the  fiber  frmn  lot  of  2^t«ck  i^mti 
bars  of  A  iron,  received  May  12,'18R4,  at  West  Point  Foundry. 

[Xtongtbof  apeolmen  betweea  shoulders:  Orieinal,  3.00  inches ;  after  rapture,  3.000  inches.    IMMMti 
of  specimen :  Original,  0.571  inch ;  atter  mptare,  0.416,  0.482  inch ;  mean,  0.424  inch.] 


Weight  ap 
plied. 


Pound*. 

256.1 

512.2 

768.8 

1,024.4 

1,280.5 

1,586.6 

1,792.7 

2,048.8 

2,804.9 

2,561.0 

2. 817. 1 

3. 078. 2 
3,829.3 
8,585.4 
3, 841. 5 
4,097.0 
4,858.7 
4,609.8 
4,865.9 
5,122.0 
5,87ai 
5,634.2 
5,890.3 
6,146.4 
6,402.5 


li 

i  •  *5 

11^ 

S  ®  s 

^0^ 

s^* 

Inch. 

Indi. 

.273 

.273 

.273 

.273 

.273 

.273 

.273 

.273 

.273 

.273 

.273 

.273 

.273 

.273 

.274 

.273 

.274 

.273 

.274 

.278 

.274 

.273 

.274 

.273 

.274 

.273 

.274 

.273 

.274 

.273 

.274 

.273 

.275 

.273 

.275 

.273 

.275 

.273 

.275 

.273 

.276 

.273 

.276 

.273 

.277 

.273 

.277 

.275 

.281 

.278 

Weight  ap 
pffed.  *^ 


Poundt. 
0,658.6 

5. 914. 7 

7. 170. 8 
7.420.9 
7,683.0 

7. 939. 1 

8. 195. 2 
8,45L8 
8,707. 4 
8,963.5 
9,219.6 
9,475.7 
9. 78L  8 
9,987.9 

10,244.0 

10. 500. 1 

10. 756. 2 

11. 012. 3 
11,268.4 

11. 524. 5 

11. 780. 6 

12. 030. 7 
12,292.8 
12,548.9 


Inch. 
.280 
.291 
.290 
.300 
.808 
.316 
.326 
.886 
.845 
.850 
.305 
.872 
.891 
.397 
.425 
.438 
.481 
.478 
.501 
.535 
.572 
.017 
.079 
.942 


9  B'B 


Ineh, 
.283 
.287 
.293 

.804 
.312 
.321 
.832 
.340 
.845 
.302 
.300 
.880 
.892 
.420 
.427 
.455 
.471 
.494 
.528 
.504 
.008 
.070 


Specimen  taken  from  end  of  har  included  in  lot  of  iron  (dilKerent  bar  ttom  A  7). 
Tested  at  XJnited  Stotes  Ordnance  ProTing  Ground,  Sandy  Hook,  N.  J.,  Hay  24, 1884. 
Tested  by— 

0.  W.  WHIPPLE, 
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Table  of  deduced  reeulte. 


^11 
-Hi 

•rs5 


Poundt. 

1,000 

*    *    * 

0,000 
9,000 
10,000 
11,000 
12,000 
18,000 
14,000 
16,000 
16,000 
17,000 
18,000 
19.000 
20,000 
21.000 
22,000 
28,000 
24,000 
26,000 
26,000 
27.000 
28.000 
29,000 
80,000 
81.000 
82.000 
38,000 
84.000 
86.000 
86.000 
87.000 
88,000 
30.000 
40,000 
41.000 
42,000 
48,000 
44.000 
46.000 
46.000 
47.000 
48,000 
49.000 


.008 

.003< 

.002< 

.OOK 

.00561 

.0013{ 

.00661 

.002 

.00931 

.0028{ 


.00761 

.01181 

.012 

.0146} 

.02061 


GENERAL  SUMKABY. 

SpMlile  gxmTlty 

uardneM 

ElMtto limit pounds..    28,000 

Xxt0BiSon  per  inch  ftt elastic  limit inch..  0.00188 

mtiBJite  resistance  per  square  inch  of  original  area pounds..    40|^000 

intimate  extension  per  inch inch..  0.228 

Batloofelastlo  to  altimate  resistance 2.18 

Ori^alareaof  oroes-seotion square  inch..  0.25607 

Con&action  in  area  atfiractore percent..      44.86 

Ultimate  xesistanoe  per  square  inch  of  fractured  area ■ pounds  .    88,876 

Position  of  fhustnre one-fourth  distance  from  lower  shoulder. 

of  BUT&ce 4 uniform  fibrous. 


■J 

a. 

I 


'I 


\\ 


\  \:.. 


.^ 


•«» 


Appendix  2  7c. 


lUCTlON  REPORT  OF  FIFTY  8-INCH  BIFLB8  CONVERTED  FROM, 
JH  RODMAN  SMOOTH  BORE  &UNS  BT  LINING  WITH  WROUGHT- 
TUBES,  BREECH  INSERTION. 

BT  IJBUT.   H.   D.  BORUP,   ORDNANCE  DEPARTMENT. 

3r  date  of  Jane  12, 1884,  the  Chief  of  Ordnance  contracted  for 
inch  rifles  converted  from  10-inch  Bodman  smooth-bore  guns  by 
with  a  wronght-iron  tube  (breech  insertion).  The  tnl^s  were 
ted  at  the  West  Point  Foundry,  while  the  casings  were  pre- 
ind  the  parts  assembled  by  the  Soath  Boston  Iron  Works, 
itailed  description  of  this  method  of  conversion,  with  the  reasons 
r,  is  given  by  Colonel  Crispin,  U.  S.  Army,  in  the  Beport  of  the 
f  Ordnance  for  1878,  page  361. 

THE  OASINa. 

consists  of  a  10-inch  Bodman  smooth-bore.  Placed  in  the  lathe, 
iter  pierces  the  breech  to  the  size  of  the  bore.  It  is  then  reversed 
red  throagh  to  a  diameter  of  10.5  inches,  and  the  recess  for  mnz- 
ar  and  thread  cat.  Beversed  again  it  is  first  coanter-bored  to 
3hes  diameter  for  a  distance  of  68.16  inches,  then  to  13.5  inches 
istance  of  16.66  inches. 

breech  screw  is  cat,  and  the  casing  is  ready  for  inspection.  Aboat 
h  elapsed  after  the  first  casing  entered  the  mill  before  it  was  fin- 
afterwards  the  average  oat-pat  was  one  per  week.  Foar  lathes 
ept  in  operation. 

THE  TUBES. 

tabes  fabricated  at  the  West  Point  foandry  are  formed  of  coiled 
it-iron  bars,  sarroanded  by  a  jacket  of  the  same  material,  com- 
g  at  77  inches  from  the  mazzle  and  extending  aboat  16.66  inches 
[  the  breech.  The  base  of  the  tabe  is  closed  with  a  cap  made  of 
Dn  scrap,  against  the  rear  face  of  which  is  the  breech  plag  of 
>n  screwed  into  the  jacket. 

were  received  at  this  foundry  rough-turned,  and  finished  bored, 
abe  was  first  rifled,  and  then  turned  with  special  reference  to  the 
it  was  to  enter,  the  diameter  of  which  had  been  previously  deter- 
by  the  star  gauge. 

muzzle  collar,  also  made  of  tube  scrap,  was  fabricated  at  the  West 
foundry,  and  received  here  rough-turned.  It  was  finished  and 
ew  thread  cut  here. 

ASSEMBLING  OF  THE  PABTS. 

r  the  tube  was  finished  it  was  calipered  carefully  at  every  inch 
ength  to  see  if  the  play  between  it  and  the  csAiiig  didi  TiQ\»  ^-s.- 
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ceed  that  allowed.  It  was  then  inserted  in  the  casing,  which  had  pre- 
viously been  placed  on  a  carriage,  muzzle  inclining  downwards.  The 
shoulders  of  the  l)ore  were  covered  with  red  lead,  so  that  it  could  be 
seen  if  contact  between  the  forward  shoulders  of  the  tube  and  casio^ 
was  obtained,  and  at  the  same  time  if  the  clearance  between  the  othen 
was  preserved,  the  amount  of  which  was  afterwards  measured.  A&  a 
rule  several  trials  were  required.  This  being  accomplished  satisfac- 
torily, contact  between  the  end  of  the  muzzle  collar  and  shoulder  d 
neck  of  tube,  was  similarly  determined  (the  end  of  collar  being  smeared 
with  lead).  The  piece  was  then  transferred  to  the  lathe  and  fiaoed,  after 
which  the  old  vents  were  closed  with  wrought-iron  plugs,  and  the  hoke 
for  the  securing  pin,  and  for  the  copper  bushing  containing  the  new 
vent,  drilled. 

The  piece  was  carefully  inspected  at  all  its  stages  and  when  fiDished 
was  marked  and  sent  to  Sandy  Hook. 

One  gun,  No.  112,  West  Point  Foundry,  was  spoiled  by  counter-boring 
the  11.5  inch  diameter  for  too  great  a  distance.  The  South  Boston  Iron 
Works  offered  to  replace  this  gun  with  one  of  their  own,  which  was  of 
identical  dimensions  with  those  of  the  United  States.  Its  tenacity  and 
density  as  originally  determined  by  specimens  taken  from  the  sinking 
head  gave  32,204  pounds  and  7.231  respectively.  This  was  accepted  by 
the  Chief  of  Ordnance.  A  specimen  taken  from  the  breech  before  pierc- 
ing showed  a  tenacity  of  36,959  and  a  density  of  7.2663.  It  sometimeB 
happens  that  the  first  thread  on  the  screw  of  jacket  is  exposed  by  the 
ratchet  on  the  breech  of  the  casing  originally  made  for  the  elevating 
bar.  To  avoid  this  it  would  be  well  to  increase  the  length  of  the  short 
cylinder  in  rear  of  the  thread.  The  details  of  inspeC^tion  showing  prin- 
cipal dimensions,  both  prescribed  and  actual,  together  with  the  varia- 
tions therefrom,  will  be  found  in  the  inspection  reports. 

In  Table  A  the  inspection  reports  have  been  consolidated  so  as  to 
show  the  prescribed  dimensions  and  variations,  together  with  the  num- 
ber of  guns  in  which  the  last  was  actually  exceed^,  and  the  maximain, 
minimum,  and  mean  amount  of  such  excess,  i,  e.,  the  difference  betwees 
the  actual  variation  and  that  prescribed.  An  effort  is  also  made  in  the 
column  of  remarks  to  show  where  the  variations  prescribed  might  be 
advantageously  changed. 

Table  A. 


Salijeot  of  meMorement 


Mazlmom  eooentricity  of  bore  of 
cafling. 


Distance  from  breech  to  first  shoul- 
der of  casing. 

Clearance  at  first  shonlder  between 
to  be  and  casine. 

Distance  from  breech  to  second 
shoulder  of  casine. 

Clearance  at  secona  shonlder  be- 
tireen  tube  and  caaing. 


I 

<D 

s 


8 
& 


a 

o 

1 


■8 
I 


Ineheg,  Inch. 
.002     0. 


21.6 
.05 

69.01 
.05 


±.1 

:t.02 

±.l 
±.02 


III 

Ski 


\ 


S' 


>  o 

a| 

hi 


Inch. 
6     .003 


8 


14 


.11 


.04 


St 


Inch. 
.001 


.01 


.01 


» 


Inch. 
.00133 


.024 


.016 


Hemarks. 


A  t  two  points  one  ga>^' 
oeeded  the  presoruN 
aUowanoe  by  .003  iac^ 
the  others  eioecd«d  i 
by  .001.  inob,  «  «* 
point  only. 

Allowance  is  soffleieK- 

Do. 
D& 
Do. 
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Table  A— Cootiuued. 


<Gt  of  mMtfarement 


^m  breeoh  to  third 
of  CMins. 

at  third  shonlder  be- 
bo  and  CMing. 
riar  diameter  of  finished 
m   screw  head  to  first 

lioff  mean  diameter  of 

asing. 

ling  play 

rior  diameter  of  finished 

a  first  shoulder  to  seo- 

Ider. 

line  mean  diameter  of 

asing. 

ling  play 

rior  diameter  of  finished 

m  second  shoolder  to 

lulder. 

ling  mean  diameter  of 

asiug. 

lingpl»y 

rior  diameter  of  finished 
a  third  shoulder  to  neck, 
lin^  mean  diameter  of 
asing. 

iin«pJ»y-- 

masue  oouar 


reoeas  in   casing  for 
oJlar. 

Borew  on  mnnle  collar, 
screw  on  recess  in  caa> 

length  of  screw  on  col- 
Jiat  in  recess. 

f  tube  over  neck , 

kmeter  of  moazle  collar. 

Ling  play 

it  mnzzle  collar  across 

f  recess  in  casing 

«n  collar  and  casing. . . 

of  collar 

read  on  collar 

Tew  on  jacket 

f  Jacket  across  threads, 
log  diameter  of  casing. 

log  play 

bore  of  tabe 

rified  portion  of  bore. . 

f  bore  across  lands 

T«>'>ves 

aodn  

groores  and  lands 


Indiu. 
97.51 

0. 

14.7 

14.703 

.003 

13.6 

18.503 

.003 

1L5 

1L515 

.015 
10.5 

10. 515 


.015 
6. 


5.05 

3.15 
3. 

.15 

0.75 

0.76 

.01 

11.75 

1L76 
.01 

L 
.5 
2.5 
15.5 
15.505 
.005 
U7.25 


107.25 

8. 

6.082 

.349 

24. 


a 

I 

If 


Ineh, 

±.1 

0. 

i:.l 


±.1 

a 

±.01 

±.01 
0. 

±.i 

±.1 

0. 

±.1 
±.1 


0. 

±.1 


±.1 

±.1 
±.1 

±.02 

±.03 
±.03 

0. 
±.03 

±.03 
0. 

±.01 

0. 

0. 
±.05 
±.05 

0. 
±.02 


±.02 

±.03 
±.01 
±.01 


S'8 


-4 


III 
ill 


3 


34 


32 


18 
21 


10 
1 

48 


16 
2 

1 
0 


3 
46 


14 


Inch. 
.08 


.005 


.006 


.001 


.006 
.28 


.2 
.083 

.10 


.007 
.034 

.001 
.033 


.009 
.29 


.27 


P 
Mi 


.04 


001 


001 


001 


001 
01 


.01 
.033 

.03 


001 
005 

001 
001 


004 
01 


02 


si 

gi 

11 

^  o 


^ 


Inch. 
.06 


.00226 


.00206 


.001 


.00223 
.09095 


.03684 
.033 

.08485 


.00231 
.0195 

.001 
.00588 


00633 
11673 


Allowance  is  sufficient. 
Do. 


The  allowed  variation 
can  be  reduced  to  .01 
inch. 

'a  variation  of  .002  inch 
might  be  permitted. 


>  Allowance  is  sufficient. 

A  variation  of  .002  inch 
might  be  permitted. 

I  The  allowed  variation 
can  be  reduced  to  .02 
inch. 


I 


Allowance  is  sufficient. 

[  The  actual  variation  in 
no  case  exceeded  .02 

\     inch,  to  which  the  pre- 

I     scribed  might  be  re- 

[    duced. 

Allowance  is  sufficient 

These  vary  with  length 
of  neck  of  tube :  atten- 
tion if  mainly  directed 
to  obtaining  contact 
and  excess  of  thread  on 
collar  over  that  in  cas- 
ing; an  allowance  of  .2 
inch  would  cover  all 
cases. 

Allowed  variation  is  suf- 
ficient. 
Do. 
Da 

This  might  be  increased 

to  .1  inch, 
f  Could  be  reduced  to  .01 
5     inch. 
Allowance  is  sufficient. 

SlAight  be  reduced  to  .08 
inch. 

Allowed  variation  is  suf- 
ficient. 
Do. 


} 


Do. 


11028 


Da 

This  varies  with  tha 
length  of  the  citdng ;  a 
variation  of  .2  inch, 
same  as  for  the  rifling, 
might  be  allowed. 

Allowed  variation  is  suf- 
ficient 
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Tablb  a — ContiDued. 


Sabjeot  of  meMnrement 


Depth  of  grooves 

Lande  rounded  with  radins  of 

Grooves  filleted  with  radios  of. . . 

Pitch  of  riflJng 

Diameter  of  vent 

Diameter  of  vent-bnshing 

Axis  of  vent  from  bottom  of  bore. 


▲sis  of  vent  to  left  of  vertical 

plane  through  axis  of  bore. 
Length  of  seonrlnicpin 


Diameter  of  aeonringpin 

Distance  of   secnrmg  pin  from 
mnade. 


I 
I 


InehBt. 
.075 

.01 
.02 
Jl  in  I 
IZO  tts 
.2 

.98 
4.50 


2.50 

6.20 

1.5 
00. 


i 

1 

I 


^1 


Inch. 
±.'005 


0. 
±.005 

±.01 
±.01 


u 


ill 


! 

►  O 


±.01 

±.01 

±.005 
±.02 


2 


[Ineh, 
.0015 


1 
39 


29 
5 

4 


.005 
.08 


.27 
.19 
.046 


-1 

i 

is 


Inch. 
.001 


.005 
.01 


.01 
.01 
.001 


8^ 

58 


Jncift. 

.001251 


.005 
.03666 


.07006 

.05 

.024 


Allowed 
fident. 


iifsf. 


Allowed  variatiflB  ii  lof- 
fident. 
Da 

Although  great  om  «m 
taken  in  dnDiag  tUi 
hole,  it  may  be  ail 
that  it  was  enly  Md- 
dentally  that  it  em 
within  the  sDsvrf 
variation.  ThiaifaoiU 
be  increased. 

The  above  remarks^p^ 
to  this. 

Allowed  variation  isnf^ 
fioient^ 
Dow 
Do. 
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JREPORT  ON  THE  MANUFACTURE  AND  INSPECTION  OF ^-INCH  SMOOTH- 
BORE BRONZE  LIFE-SAVING  GUNS  AND  PROJECTILES  {LYLE  MODEL, 
1877)  AT  THE  WEST  POINT  FOUNDRY,  CONTRACT  OF  DECEMBER  14,  1883: 
100  QUNS  AND  1,200  PROJECTILES  (SERVICE  NUMBERS  OF  GUNS  FROM 
201   TO  300,  INCLUSIVE). 

BT  UEUTENANT  ROGER8   BIRNIR,  JR.,   ORDNANCE   DEPARTMENT. 

(5  plates. ) 

Office  of  Inspector  of  Ordnance,  U.  S.  A., 

West  Point  Foundry, 
Cold  Spring,  N.  Y.,  August  20, 1884. 

The  Chief  of  Ordnance,  U.  S.  A., 

Washington^  JX  C, : 

General:  I  bare  the  honor  to  transmit  herewith  a  report  of  the 
mannfacture  and  inspection  of  135  2^-inch  bronze  life-saving  gans  (Lyle 
model,  1877),  and  1,620  cast-iron  projectiles  for  the  same,  at  this  foundry 
during  the  past  year.  One  hundred  of  the  guns,  with  1,200  projectiles, 
were  made  for  the  LifeSaving  Service  and  the  remainder  for  the  Reve- 
nue Marine  Service. 

The  report,  accompanied  by  live  plates,  includes  a  description  of  the 
methods  of  manufacture  and  inspection,  with  accessories,  including  in- 
struments; the  results  of  mechanical  tests  of  the  metal ;  the  usual  firing 
proof;  and  the  extreme  proof  of  one  gun  selected  from  the  35  last  made. 
It  also  includes  the  results  of  the  chemical  analysis  of  ten  samples  by 
Gapt.  John  Pitman,  United  States  Ordnance,  from  different  castings, 
and  the  mechanical  tests  (Appendix)  of  ten  specimens,  the  same  metal 
as  the  samples,  made  upon  the  tebting-machine  at  Watertown  Arsenal, 
which  are  considered  especially  instructive  and  important. 

The  conclusion  reached  is  that  9  per  cent,  of  tin  is  the- best  proportion 
^or  use  under  the  method  of  manufacture  at  present  pursued  for  these 
^ns.  Attention  is  invited  to  a  change  proposed  (page  401)  in  the  method 
of  proof  firing  which,  it  is  believed,  will  put  the  bore  of  the  guns  in 
Audition  to  be  not  materially  enlarged  by  pressures  which  may  be  antici- 
pated in  service. 

Very  respectfully,  your  obedient  servant, 

R.  BIRNIB,  Jr., 
Lieut-enant  of  Ordnance. 
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REPORT  ON  THE  MANUFACTURE  AND  INSPECTION  OF  2i-INCH  SMOOTH. 
BOR^  BRONZE  LIFE-SAVING  GUNS  AND  PROJECTILES  (LYLE  MODEL, 
1877)  AT  THE  WEST  POINT  FOUNDRY,  CONTRACT  OF  DECEMBEE  14, 
1883;  100  GUNS  AND  1,1>00  PROJECTILES  (SERVICE  NUMBERS  OF  GCH8 
FROM  201  TO  300,  INCLUSIVE). 

Five  years  since,  200  guns  and  a  number  of  projectiles  of  similar  pat- 
tern were  made  at  this  foundry  for  the  Life  Saving  Service.  A  report 
upon  the  manufacture  of  the  guns  was  made  by  Lieut.  C.  W.  Whipple, 
Ordnance  Department,  who  was  then  the  resident  inspector,  and  has 
been  published  in  the  Beport  of  the  Chief  of  Ordnance  for  1879  (see 
also  Ordnance  Notes,  No.  102).  That  report  will  be  found  especiallj 
valuable,  since  it  treats  of  the  steps  taken  to  inaugurate  the  manaM 
ore  of  these  guns  for  the  service,  and  as  well  for  its  detailed  treatmeot 
of  the  subject.  The  object  of  the  present  writing  will  be  to  recoant  the 
current  methods  of  manufacture  and  inspection,  based  upon  the  expe- 
rience already  gained,  and  to  record  such  observations  incident  thereto 
as  are  deemed  useful. 

THE  GUNS. 


le  guns  are  made  of  chill-cast  bronze,  containing  approximately  9 
cent,  of  Banca  tin  and  91  per  cent,  of  Lake  Superior  copper.   Flg& 


The 

percent.  ^  ^ *^^ 

1-4,  Plate  I,  give  a  drawing  of  the  model,  the  principal  parts  and  aref' 
age  dimensions  of  which  are  as  follows: 


Diameter  of  first  reinforce inohM. 

Diameter  of  ohase do.. 

Diameter  of  bore do.. 

Diameter  of  truiinioDS do.. 

Diameter  of  rimbases do.. 

Diameter  of  cascabel do.. 

Diameter  of  vent do.. 

Radius  of  breeoh do.. 

Badiakof  chamber do.. 

Length  of  first  reinforce do.. 

Length  of  second  reinforce do.. 

Length  of  chase do.. 

Length  of  bore,  exclusiYe  of  chamber do.. 

Total  length  of  bore do.. 

Length  of  trunnions do.. 

Length  of  rimbases do.. 

Length  of  cascabel do.. 

Distance  of  vent  from  bottom  of  bore do.. 

Distance  between  rimbases do.. 

Total  length  of  piece do.. 

Weight  of  piece  (average  of  100) pounds. 

Preponderance  at  0.5  inch  in  rear  of  curve  of  breech  (average  of  1(X)). .  .do. . 
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The  several  stages  of  the  manufacture  and  inspection  of  the  p^ 
may  be  divided  as  follows : 

1.  The  metals  used  for  the  castings. 

2.  Preparations  for  casting,  to  include  the  furnace  and  its  acoessoM 
and  the  molds. 

3.  The  casting. 

4.  Tests  of  the  metal  of  the  sinking-head. 
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5.  The  firing  proof,  including  the  preparation  of  the  gan  for  this 
proof. 

6.  Final  finish  and  inspection. 

And  in  general,  in  the  rough  casting  or  during  the  finishing  pro- 
oesses,  serious  flaws  or  blow-holes  may  li^  found  sufficient  to  cause  the 
rejection  of  the  piece,  whatever  may  have  been  the  results  of  the  tests 
of  the  proof-  bar. 

The  metals. — ^The  ingot  metals  used  for  casting  these  guns  were 
Lake  Superior  copper,  ^m  the  Quincy  Mining  Company,  and  Banca  tin. 
both  of  which  are  held  in  deservedly  high  repute,  and  are  considerea 
to  be  scarcely  excelled  in  the  market.  The  first  casting  was  made  from 
ingot  metals  alone.  Subsequently  the  ^^  sinking  heads,"  which  consti- 
tated  about  42  per  cent,  of , the  weight  of  each  casting,*  and  also  the 
tarnings,  borings,  and  planings  fh)m  the  finishing  shop,  were  used  as 
part  of  the  (sharge. 

Preparations  for  casting. — A  sketch  of  the  furnace  is  shown.  Fig.  3, 
Plate  II.    It  is  an  ordinary  brass-molders'  furnace  of  an  old  pattern, 
and  consists  of  a  24 inch  cylinder  of  boiler-iron  lined  with  firebrick, 
resting  upon  cross-bars  arranged  at  the  back  of  the  ash-pit,  next  to  the 
stack.    The  top  is  covered  with  an  iron  plate  provided  with  an  opening 
having  a  movable  cover  for  the  passage  of  the  cmcible.    The  ash-pit 
ftnd  draft  are  below  the  foundry  floor,  and  the  furnace  is  not  provided 
^ith  a  damper.    Two  cylinders,  each  holding  one  crucible,  are  arranged 
side  by  side,  and  connected  over  the  same  ash-pit,  but  each  cylinder  has 
^  separate  flue.    The  two  crucibles,  having  a  capacity  of  about  155 
pounds  each,  were  used  together  for  the  casting  of  one  gun.    Two  guns 
^ere  generally  cast  about^  the  same  time,  using  a  second  furnace  of  sim- 
ilar design. 

The  mold,  Figs.  2  and  3,  Plate  II,  consists  of  the  cast-iron  '^  chill," 
Uie  sand-head,  and  the  runner-box.  The  cast-iron  chill  is  made  in  two 
^nal  parts,  divided  longitudinally;  the  abutting  faces  of  these  parts  are 
BjOished  and  fltted.  The  fl&nges  are  bored  for  six  strong  bolts  on  each 
side,  and  four  smaller  ^oles  for  guiding-pins  in  the  assemblage.  The 
w^hole  base  of  the  chill  is  also  finished,  and  when  in  nse  rests  upon  a 
leveled  plate  set  at  the  bottom  of  a  pit  about  30  inches  de^p,  in  order  to 
^evel  the  mold  and  bring  the  top  of  it  to  a  convenient  height  above  the 
foundry  floor  for  ponring.  The  weight  of  the  chill  (1,440  pounds)  makes 
it  nearly  4.7  times  that  of  the  casting,  including  the  sinking-heiad  (304 
Pounds),  and  more  than  8  times  that  of  the  gun  proper  in  the  rough 
(176  pounds).  The  cavity  in  the  chill  conforms  in  general  to  the  exte- 
^or  of  the  flnished  gun ;  allowing  for  the  contraction,  it  leaves  the  cast- 
^g  about  0.25  inch  surplus  over  all  sides.  The  trunnion  spaces  are 
leveled  on  the  upper  sides  to  facilitate  the  escape  of  impurities,  which 
^oold  naturally  collect  there,  and  also  to  leave  a  larger  surplus  of 
^etal  to  be  removed  from  those  parts,  as  has  been  found  by  experience 
^  be  necessary.t    The  chase  portion  of  the  chill  is  slightly  contracted 

^After  beiDg  cat  from  tho  ffans,  the  heads  were  taken  to  the  forp^o  moderately  heated 
^Od  broken  in  piecee  nnder  tne  hammer.  The  parts  were  used  indiscriminately  for 
^^bseqaent  castings,  bat  care  was  taken  to  throw  ont  the  scoria  or  very  porond  metal, 
^hich  in  some  castings  was  fonnd  abont  the  top  of  the  head. 

.tin  casting  larger  calibers  of  bronze  guns  in  Rnssia,  Colonel  Lavrov  has  arranged 
'Ua  tmnnion  spaces  with  very  long  bevels,  both  above  and  below,  bat  especially  below, 
^jnoe  it  was  fonnd  that  blow-holes  were  formed  in  the  casting  just  below  the  trun- 
■^ions  as  cast  (his  guns  are  cast  breech  up),  and  this  was  supposed  to  be  due  to  that 
'^Iwn  the  solidification  and  first  son  traction  of  the  casting,  the  trunnions  were  called 
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towards  the  top.*  The  cavity  in  the  chill  extends  aboat  10.5  inches  abore 
the  muzzle  of  the  gun  proper  and  forms  the  lower  portion  of  the  smk- 
ing  head,  which  is  completed  by  the  sand-head,  10  inches  high  above. 
The  sand-head  is  molded  in  a  cast-iron  flask  of  simple  pattern.  The 
mold  is  not  dried,  and  is  renewed  for  each  casting.  The  runner-box,  of 
oblong  shape,  is  made  of  sheet-iron ;  it  is  partly  filled  and  roanded  on 
the  interior  with  a  packing  of  clay,  which  is  coated  with  black-lead  wash, 
and  may  be  used  for  a  large  number  of  castings  by  repairing  the  sur- 
face and  renewing  the  wash.  The  metal  enters  through  a  small  orifice 
in  the  middle  of  the  box  directly  over  the  center  of  the  mold. 

The  advantages  of  this  over  the  old  method  of  casting  in  sand  molds 
have  been  repeatedly  shown.  The  castings  are  much  freer  from  blow- 
holes, the  metal  is  denser,  more  uniform,  and  superior  in  elastic  prop- 
erties and  strength.  The  metal  within  the  chill  solidifies  very  quickly, 
leaving  that  within  the  sand-head  in  a  molten  state ;  the  sand-head  thus 
performs  two  important  functions,  (1)  as  a  '^  feeder"  to  supply  theooo- 
traction  of  the  casting  as  the  lower  portion  solidifies,  and  (2)  as  a  weigbt 
which  supplies  the  pressure  necessary  to  produce  a  sound  castiof  of 
good  quality.  The  purely  mechanical  advantages  of  the  chill-mold  ooo 
sist  in  the  facilities  afforded  for  making  any  number  of  castings  of  a 
given  form,  and  that  without  renewing  the  mold  for  each  casting,  u 
when  using  sand ;  the  sand-head,  of  simple  form  and  easily  made,  is  the 
only  portion  of  mold  requiring  renewal. 

CASTING  THE   GUNS. 

This  most  important  part  of  th&  manufacture  needs  to  be  conducteii 
with  every  possible  care  in  all  its  details.  It  requires  a  careful  aol 
Experienced  workman,  who  should  be  prompt  to  take  advantage  of  ev^o! 
opportunity  for  improvement  by  notingthe  outcome  of  castings  in  whicb. 
either  by  accident  or  design,  slight  changes-  in  the  details  of  treatneo^ 
may  have  been  introduced. 

The  operations  under  this  head  embrace — 

1.  The  charge, — ^The  average  weight  of  metal  used  per  casting  was  9R 
pounds,  nearly.  For  the  first  casting,  where  ingot  metals  only  were 
used,  the  charge  was  281.5  pounds  of  copper  and  28  pounds  of  tin^^ 
9.05  per  cent,  of  the  latter  metal.  Each  metal  was  divided  into  twotf 
nearly  equal  parts  as  possible  for  the  charges  of  the  separate  crucibles' 

upou  to  support  the  weight  of  the  cMting,  so  tbe  metal  just  beneath  them  "gs^* 
to  a  certain  extent  and  becarae  unsound.  By  his  arrangement  of  bevels  the  vii^ 
casting  niay  sink  at  once  as  it  contracts  (see  Lieutenant  Whipple's  report  aboTecitt^' 
also.  Notes  on  Construction  of  Ordnance,  No.  21).  In  the  present  instance  onlrotf 
casting  of  the  104  made  was  found  to  be  seriously  aifect«d  in  this  way.  It  appc*^ 
probable  that  this  would  not  have  occurred  if  the  trunnion  spaces  had  been  ht^^ 
after  the  manner  of  the  Russian  chills. 

*  The  reason  for  this  construction  is  not  plain,  and  in  the  presence  of  the  geoen^y 
excellent  results  obtained  criticism  is  perhaps  unnecessary.  But  Colonel  L*^^ 
experience  has  shown  that  it  is  inadvisable  to  have  a  coutx^ted  secti  yu  of  tbe  vf^ 
situated  in  this  way,  since  it  will  solidify  first  and  vitiate  one  of  the  principal  good 
effects  of  the  sand-head,  viz,  the  ^'feeding.''  It  is  probable  that  the  sliKhtnest of  ti)> 
contraction  in  the  present  case  prevented  much  ill  effect,  yet  several  of  thecafltio^ 
did  not  sink  at  all  at  the  upper  surface  on  cooling.  Again,  however,  the  slope  fi^ 
to  the  chase  in  this  way  may  facilitate  it«  shrinkage  and  thus  improve  the  quality « 
the  metal  in  that  part  of  the  gun,  even  without  tne  assistance  of  the  sinkiog-beid 
above. 
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1  all  the  subsequent  castings  the  charge,  which  was  made  up  partly  of 
eads,  turnings,  &c.,  was  arranged  to  have  approximately  a  like  per- 
entage  of  tin,  and  was  divided  in  the  same  way.  The  charges  for  all 
be  castings  are  given  in  the  general  table  which  follows,  but  the  per- 
entages  of  tin  can  only  be  regarded  as  approximate,  since  there  was  no 
Deans  for  determining  the  exact  percentage  of  tin  contained  in  the 
Leads,  &c.  The  estimate  given  in  the  table  is  based  upon  9  per  cent., 
>r  veiy  nearly  that  supposed  to  be  contained  in  the  original  charge.* 

2.  Heating  the  chill. — For  the  first  casting  of  the  day  the  chill  was 
placed,  with  a  lid  on  top  to  close  the  interior,  upon  a  truck,  and  run  into 
an  oven  heated  by  a  wood  fire,  where  it  was  usually  left  about  one  hour 
and  fifteen  minutes.  It  was  then  taken  out  and  arranged  in  the  casting 
pit  Its  ordinary  temperature  was  probably  about  250^.  Usually  two 
castings  daily  were  made  in  one  chill,  the  second  from  two  to  three  hours 
after  the  first.  The  chill  was  not  reheated  in  the  oven,  but  on  the  re- 
moval of  the  first  casting  was  replaced  in  the  pit  with  the  sand-hea<l  in 
place  and  the  top  covered.  Its  temperature  then  became  somewhat 
lower  than  for  the  first  casting,  but  as  a  rule  was  more  uniform. 

3.  Melting, — After  the  fires  were  well  started  the  crucibles  containing 
the  charge  of  copper  (or  copper  and  bronze)  were  placed  in  the  furnace.t 
When  the  copper  began  to  melt,  showing  a  surface  of  liquid  metal,  char- 
coal was  thrown  into  the  crucible  to  cover  the  surface  for  the  purpose 
of  retaining  the  heat  and  retarding  oxidation.  The  average  time  of 
^^  melting  copper"  was  one  hour  and  forty-five  minutes,  depending  upon 
the  fire  and  the  manipulation  of  the  furnace.  For  the  morning  casting 
the  lid  of  the  furnace  was  usually  kept  closed,  but  for  the  afternoon 
<5a8ting  it  was  frequently  left  partly  open  for  some  time  after  the  cruci- 
ble was  introduced,  to  suit  the  convenience  of  the  work,  but  always 
<ilo86d  to  make  the  heat  as  great  as  possible  for  the  actual  melting  of 
the  copper.  A  second  supply  of  charcoal  was  thrown  upon  the  surface 
of  the  metal  as  soon  as  the  contents  were  melted.  With  some  of  the 
castings  an  interval  of  time  was  allowed  at  this  point  before  adding 
the  tin,  during  which  period  the  top  of  the' furnace  was  usually  left 
®P^n.  In  adding  the  tin  the  broken  ingots  were  placed  in  the  crucibles, 
*  third  supply  of  charcoal  then  thrown  upon  the  surface,  and  the  con- 
wnts  well  stirred  with  an  iron  rod.  The  interval  between  this  and 
'Withdrawing  the  crucibles  was  also  very  unequal,  but  if  left  in  the  fur.- 
^ace  the  top  of  the  latter  was  wholl3'  or  partly  removed,  to  gradually 
■^1  the  contents.  When  taken  from  the  furnace  the  contents  of  the 
Jjocibles  were  well  stirred  and  then  carefully  skimmed  for  pouring. 
Hien,  with  a  number  of  the  castings,  a  quantity  of  planings — some- 
'iines  as  much  as  8  pounds — were  put  into  one  or  both  (usually  only 
l&e)  of  the  crucibles,  with  intent  to  correct  what  appeared  to  be  unusual 
loidity  or  overheat  of  the  metal. 

*Aathorities  are  wautiug  to  supply  this  knowledge  for  chiU  castings.  Such  analy- 
Mas  hnve  been  made  are,  so  far  as  known,  very  limited,  but  go  to  show  that  the 
gre^Ation  of  tin  towards  the  heal  is  very  slight,  if  any.  The  rapidity  of  solidiiica- 
on  m  the  chill  makes  this  reasonable  (see  pagr  397).  And,  on  the  other  hand,  we 
ive  always  a  disproportionate  loss  of  tin  from  oxidation;  for,  ''although  two  or 
xee  parts  of  copper  are  lost  in  this  way  to  one  of  tin,  yet  the  latter  is  present  ia  so 
Dch  smaller  quantity  that  continued  remel tings  of  the  same  alloy  will  show  an  in- 
sase  in  the  percentage  of  copper  and  a  constant  decrease  in  the  percentage  of  tin 
maining."  (Encyclopiedia  of  Chemistry,  J.  B.  L.  «&Co.,  Phila.  1877, Vol.  I,  page583.) 
tWhen  turnings,  planings,  &,c.,  sometiuies  sufficient  of  themselves  to  till  the 
icible,,were  used  they  were  put  in  first,  covered  with  a  laj'er  of  charcoal  and  melted 
wn  before  the  introduction  of  the  ingot  copper  and  bronze. 
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4.  Pouring  — ^The  two  crucibles  were  poured  together  from  oppomte 
sides  of  the  runner-box.  No  arrangement  was  made  for  skimmiug  in 
^  this  operation^  but  care  was  taken  to  keep  the  box  well  filled,  so  that 
the  dn>ss,  if  any,  would  float  on  the  surface  and  enter  the  mold  last  of 
all.  When  one  crucible  was  hotter  than  the  other  its  contents  wen 
held  back  to  supply  the  sinking-head.  After  the  pouring,  charcoal  ww 
at  once  thrown  upon  the  top  and  the  doors  of  the  foundry  opened  od 
both  sides  to  amst  the  cooling. 

As  a  rule,  the  best  castings  were  those  which  shrunk  the  most  and 
very  rapidly.  The  shrinkage  of  the  head  was  sometimes  almost  imme- 
diate ;  in  other  cases  there  was  no  shrinkage,  which  invariably  marked 
a  casting  below  the  average  or  one  subsequently  condemned.  The 
metal  solidified  in  a  few  minutes,  and  the  casting  could  be  removed  froD 
the  chill  within  twenty  minutes  after  the  pouring. 

Both  of  the  chills  used  became  covered  with  cracks  on  the  interior, 
especially  about  the  trunnions  and  the  breech,  after  a  few  castings  had 
been  made ;  in  each  one  the  crack  through  the  trunnion  cavities  sood 
extended  through  the  walls  of  the  chills.  Each  day,  after  casting,  the 
interior  of  the.  chill  was  carefully  repaired  by  hammering  the  crsM^ 
shut  and  coating  the  whole  surface  with  a  wash  of  black  lead.  The 
same  two  chills  were  used  throughout,  without  any  apparent  deteriora- 
tion of  the  castings  due  to  the  cracks. 

A  number  of  the  castings  were  weighed  in  the  rough  and  gave  aa 
average  loss  of  2.5  pounds  from  the  weight  of  charge,  or,  in  other  words, 
a  loss  of  weight  equal  to  about  0.8  of  1  per  cent. 

TESTS  OF  THE  METAL. 

A  Specimen  bar  of  the  prescribed  dimensions,  taken  from  the  lower 
portion  of  the  sinking-head  (see  Figs.  1  and  2,  Plate  III),  should  givei 
tenacity  of  not  less  than  36,000  pounds  per  square  inch.  The  head  is 
separated  at  the  muzzle  of  the  gun  and  the  specimen  piece  taken  cot 
from  the  base  close  to  the  outer  surface,  either  with  a  hollow  boring  tool 
or  by  cutting  off  the  lower  portion  of  the  head  and  slotting  oat  the 
specimen  piece;  the  first  method  requires  the  least  expenditure  of  labor. 
When  finished,  as  shown  in  Fig  2,  Plate  III,  the  bar  is  weighed  finr  dens- 
ity and  then  tested  for  tenacity  and  ultimate  extension. 

In  these  tests  the  least  stress  of  the  machine,  5,000  pounds,  is  first 
applied,  and  increased  stresses  (increasing  by  100  pounds  of  added 
weights)  are  afterwards  continuously  applied  until  the  bar  breab. 
The  distance  between  gauge  marks  is  measured  betbre  and  after  the 
test,  to  determine  the  elongation  after  fracture ;  two  diameters  at  right 
angles  are  similarly  measured  to  compute  the  reduction  of  area.  Tb% 
behavior  of  the  specimen  under  test  will  be  referred  to  following  the 
general  table  of  results. 

THE  FIBINO  PROOF,  AND  PBEPABATION8  THEBEFOB. 

The  exterior  of  the  gun  is  rough-finished  all  over,  leaving  a  surplv 
of  0.04  of  an  inch  on  the  diameter,  except  for  the  trunnions,  which  are 
completely  finished.  The  bore  is  pierced  by  a  twist  drill  having  a  diAffl- 
eter  of  about  2.25  inches,  and  is  finished  for  the  proof  by  reaming  oot 
to  a  diameter  of  2.45  inches  and  shaping  the  bottom  to  a  half  sphere  of 
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^e  same  diameter.  The  vent  is  made  by  drilling  a  hole  0.2  inch  iii 
liameter  through  the  wall  of  the  piece  in  the  portion  afterwards  reamed 
Dut  for  the  vent  piece. 

The  carriage  used  in  the  proof  of  these  guns  weighed  96  pounds.  It 
consisted  of  two  solid  cheeks  made  of  heavy  oak  plank,  held  to;<:ether 
by  several  cross-bolts  and  two  transoms,  one  nuder  the  breech  of  the 
piece  and  one  under  the  muzzle ;  wooden  wedges  were  placed  on  these 
md  supported  the  extremities  of  the  piece  when  fired.  An  iron  strap 
Bftstened  along  the  top  of  each  cheek  contained  the  trunnion-beds, 
which  were  set  at  a  distance  apart  closely  approximating  that  between 
bhe  rimbases  of  the  gun.  Cap  squares  fastened  by  bolts  were  also  pro- 
vided, but  the  ironwork  was  simply  rough  forged^  In  order  to  pro- 
tect the  finished  trunnions  in  the  firing,  a  closely  fitting  steel  sleeve 
ftbont  0.5  inch  in  thickness  was  placed  on  each  before  mounting  the 
piece. 

The  proof  projectile  is  a  solid  cylinder  of  cast-iron  weighing  about  18 
pounds,  and  turned  to  fit  the  bore  closely. 

Each  gun  was  proved  by  firing  three  rounds  with  a  charge  of  8  ounces 
of  Hazard  navy  cannon  powder  and  one  of  the  above  projectiles.  The 
projectiles  were  fired  into  a  sand  butt,  recovened,  and  used  for  firing 
several  rounds.  Fifty-nine  projectiles  were  used  up  or  lost  in  firing  306 
rounds.  The  carriage  was  allowed  a  free  recoil,  and  with  the  gun  went 
iliding  and  tumbling  usually  about  30  feet  to  the  rear  up  a  slight  in- 
sline. 

After  the  proof  the  trunnions  were  carefully  examined  for  displace- 
sent  and  the  bore  gauged  with  one  of  the  proof  projectiles.  None 
>f  the  guns  showed  any  marked  failing,  and  as  that  fact  was  developed 
fcfter  a  number  of  the  guns  had  been  fired,  it  was  decided  to  dispense 
with  the  extreme  proof  of  one  gun,  which  was  at  first  contemplated. 

PINAL  FINISH   AND  INSPECTION. 

The  essential  implements  for  gauging  the  correct  finish  of  the  gan^ 
»cept  calipers  for  exterior  diameters,  are  shown  in  Plate  III,  Figs.  3  to 
}j  inclusive.    They  are — 

1.  Profile  templet  for  exterior  length  (Fig.  3),  which  may  be  made* 
wwd, — It  is  accurately  constructed  to  drawing,  and  when  laid  on  the 
jfDQ  shows  the  corrections  of  the  different  parts  of  the  length  from  the 
sascabel  to  the  muzzle. 

2.  Canilnned  chase  and  breech  templet  (Fig.  4),  made  of  metal — This  is 
sonstracted  to  abut  against  the  finished  trunnion.  On  one  side  it  gives 
ihe  length  of  the  chase,  the  two  slopes  of  the  second  reinforce  to  the 
imbase,  and  the  width  of  the  latter.  The  other  side  gives  similarly  the 
iroftle  of  the  breech  portion  of  the  gun,  to  include  the  width  of  the  rim- 
>ase  in  rear  of  the  trunnion. 

3.  OroM'trunnion  gauge  (Fig.  5),  of  metal, — It  determines  the  length  of 
^e  trunnions,  the  distance  between  the  rimbases,  and  of  the  cross  pro- 
Ue  of  the  body  of  the  gun. 

4.  Gauge  for  position  of  vent,  bottom  and  length  of  bore  (Fig.  7). — A 
^hin  plate  of  metal  is  rounded  at  the  end  with  a  beveled  edge  to  fit  the 
bottom  of  the  bore  in  a  plane  passing  through  its  axis.  The  half  circle 
Is  incomplete  at  the  sides,  in  order  to  pass  freely  through  the  bore.  A 
chamfered  hole  is  made  at  the  center  of  the  hea-d,  to  come  beneath  the 
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vent  and  receive  tbe  point  of  the  vent  gaage,  if  the  vent  be  trae,  when 
the  latter  is  introduced.  The  remainder  of  the  metal  piec«  is  redaced 
in  width  and  extends  back  to  the  face  of  the  muzzle,  imbedded  in  a  strip 
of  wood,  which  latter  is  itself  supported  by  a  couple  of  rouuded  studs 
arranged  to  center  the  gauge.  The  correct  muzzle  line  is  scored  apoa 
an  oiiset  of  the  n^etal.  The  strip  of  wood  is  also  made  to  fit  the  bore 
accurately  for  3  inches  from  the  muzzle,  in  order  to  center  the  imple- 
ment laterally. 

5.  Trunnion  gauges  (Fig.  6). — ^The  minimum  gauge  has  an  interior 
diameter  of  2.0  inch,  and  should  not  pass  over  the  trunnions ;  the  max- 
imum gauge  is  0.02  of  an  inch  larger,  and  should  pass  freely. 

6.  Vent  gauge  (Fig.  8). — Made  to  pass  closely  through  the  vent,  which 
should  be  0.2  inch  in  diameter. 

7.  Cylinder  gauge  for  bore  (Fig.  9). — A  carefully  finished  steel  cylinder, 
2.5  inches  in  diameter  and  5  inches  long,  which  should  pass  air-tight  to 
the  bottom  of  the  cylindrical  portion  of  the  bore.  This  also  serves  to 
test  the  straightness  of  the  bore. 

The  trunnions  are  finished  and  gauged  before  any  other  part  of  the 
gun ;  the  combined  chase  and  breech  gauge,  in  the  hands  of  the  work- 
man, with  calipers,  serves  to  finish  the  parts  that  can  be  turned;  the 
circular  portions  between  the  rim  bases  are  finished  in  a  shaping-machine 
and  the  curves  of  the  rimbases  by  hand,  to  conform  to  the  profile  givai 
by  the  cross-trunnion  gauge.  The  bore  is  finished  after  the  machine 
work  on  the  exterior.  No  variation  from  an  air-tight  fit  for  the  cyliodv 
gauge  is  allowed;  the  boring  must  consequently  be  done  with  great 
care,  and  it  frequently  occurs  that  although  the  gauge  may  enter  when 
the  bore  is  warm  from  the  boring,  yet  it  will  not  enter  when  the  latter 
is  cold,  so  that  the  gun  has  to  be  returned  to  the  lathe. 

The  vent  piece,  the  details  of  which  are  shown  in  Fig.  5,  Plate  1,  is 
assembled  last  of  all.  It  is  made  of  wrought  copper,  the  proper  size  in 
the  rough  being  a  bar  of  1  inch  diameter.  From  this  the  vent  piece 
is  rough-shaped  in  the  smith-shop  by  heating  the  end  of  the  bar  to  a 
low  red-heat.  The  forged  piece  is  first  drilled  for  the  vent,  as  it  is  Terr 
difficult  to  prevent  a  deviation  of  the  drill.  The  exterior  finish  is  then 
given  to  the  vent  piece  about  the  vent  as  a  center. 

Marks  are  placed  upon  the  muzzle,  right  trunnion,  and  right  rimbase 
of  the  gun,  as  shown  in  Figs.  2  and  4,  Plate  I.  Those  upon  muzzle  are: 
The  United  States  Register  number  of  the  piece,  above ;  the  place  of  fab- 
rication, at  the  left ;  the  year,  at  the  right ;  and  the  inspector's  initials 
below.  The  foundry  number  of  the  piece  is  placed  upon  the  right  rim- 
base,  and  the  letters  U.  S.  L.  S.  S.  upon  the  end  of  the  right  trunnion. 
As  this  foundry  has  made  all  the  guns  of  this  model  now  in  service,  the 
two  numbers  correspoiid.  The  numbers  of  the  guns  supplied  under 
this  contract  range  from  201  to  300,  inclusive. 

BUENINa  ON  NEW  TRUNNIONS. 

Two  castings  otherwise  good  were  found  to  have  defective  trunnions. 
The  method  given  in  Lieut.  C.  W.  Whipple's  report  was  followed  tore- 
place  them  by  new  ones.  With  one  of  the  pieces  this  was  entirely  snc- 
cessful ;  with  the  other,  one  of  the  new  trunnions  was  found  to  be  de- 
fective, and  a  second  attempt  was  made  to  burn  one  on,  in  which  the 
casting  was  rendered  useless.  The  pouring  of  the  hot  metal  fused  not 
only  the  part  about  the  junctioaof  the  trunnion  with  the  gun,  but  passed 
entirely  through  the  wall  of  the  i)iece  to  the  bore,  which  it  partly  filled, 
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and  held  therein  an  iron  rod  which  had  been  heated  and  inserted  to 
warm  the  metal.    The  pouring  was  continued  too  long. 

GENERAL  RESULTS. 

The  records  of  all  the  castings,  the  results  of  mechanical  tests  of  one 
specimen  from  the  sinking-head  of  each,  together  with  the  numbers, 
weight,  and  breech  preponderance  of  the  guns,  are  given  in  the  follow- 
ing table: 
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Tablk  a. — Record  of  ea$ting,  regUter  numJw,  iNi| 


Finished  gnn. 

Casting. 

Time. 

i 

i 

• 

Metals  used. 



—  ^ 

8 

BroBse. 

r 

s 

i 

1 
1 

1 

9 

1 

1 

_ 

1 
1 

• 

1 

•s 

1 

1 

i 

1 

« . 
i 

H.M. 

s 

3 

\ 

1 

jr. 

92 

e 

5 

a 
"B 

A 
K 

/•A 

1 

1 

Tnrninss,  boring, 
and  planlngs. 

Lha. 

Lbt. 

Lb: 

Lb$. 

Lb: 

Lb: 

P.CL 

Lb: 

M. 

1 

207 

114.5 

3  25 

281  6 

28.0 

9.05 

309.5 

1 

2 

202 

115  0 

3  00 

226  0 

'65. 0 

2L75 

9.03 

312. 75 

8 

220 

114.0 

8.25 

226.0 

48.0 

"12.0 

22.0 

8.9 

3oao 

1.65 

6 

4 

225 

111.  75 

3.50 

226.0 

60.0 

22.5 

9.4 

3oa5 

L55 

18 

5 

227 

114.75 

3.00 

226.0 

60.0 

20.875 

8.56 

306.875 

L15 

8 

6 

204 

115.5 

3.375 

226.0 

60.0 

20.875 

8.50 

306.875 

1.15 

18 

7 

221 

111.5 

3.25 

17ajO 

70.0 

40.0 

15.0 

8.22 

303.0 

L41 

4 



8 

240 

112. 75 

3.25 

210.0 

35.0 

40.0 

20.5 

8.92 

305.5 

1.30 

4 

9 

215 

114.75 

3.125 

211.0 

77.0 

20.5 

8.89 

308.5 

.47 

11 



10 

214 

115.0 

3.125 

177.0 

111.0 

16.5 

a  70 

304.5 

1.00 

8 

It 

11 

208 

111.75 

3.25 

219.0 

44.0 

26.6 

21.25 

8.88 

310.25 

L45 

4 

11 

12 

229 

114.5 

3.375 

218.0 

45.0 

30.0 

20.7 

8.89 

308.7 

2.00 

4 

f 

18 

205 

115.25 

2.875 

219.5 

65.5 

20.625 

8.68 

305.625 

1.22 

8 

5 

19 

15 

211 

114.0 

3.00 

206.0 

60.0 

23.6 

19.5 

8.74 

30a5 

2.00 

2 

Lt 

16 

216 

113.5 

3.375 

180.0 

60.0 

50.0.i 

17.0 

8.76 

807.0 

L52 

8 

Lt 

17 

210 

114.75 

3.25 

204.0 

66.0 

19.0 

10.45 

8.79 

30a45 

1.25 

5 

LI 

18 

209 

115.0 

3.875 

202.0 

67.6 

20.0 

19.3 

8.8 

3oa8 

1  36 

15 

L» 

10 

238 

112.0 

3.125 

210.0 

50.5 

30.0 

20.2 

8.83 

310.7 

L50 

7 

3    flili 

2a 

213 

llSiO 

3.125 

208.0 

54.5 

27.5 

20.0 

8.83 

310.0 

1.58 

8 

i.n 

21 

243 

115.0 

3.125 

210.0 

50.5 

30.0 

20.2 

8.83 

310.7 

2.15 

2 

L« 

22 

203 

113.75 

3.25 

206.0 

54.5 

28.5 

19.75 

8.82 

308.75 

2.20 

5 

LI 

28 

222 

114.5 

3.00 

210.0 

50.5 

80.0 

20.2 

8.83 

310.7 

L65 

3 

L8 

M 

281 

114.5 

3.25 

200.0 

70.0 

20.0 

19.1 

8.80 

809.1 

2.15 

6 

It 

85 

280 

115.0 

2.875 

20&0 

58.0 

24.0 

20.0 

8.8a 

310.0 

2.05 

5 

1« 

28 

228 

115.25 

3.25 

200.0 

67.0 

23.0 

19.25 

8.84 

309.25 

2.12 

8 

27 

212 

112.0 

3.00 

210.0 

50.5 

30.0 

20.2 

8  83 

310.7 

L40 

5 

a 

28 

218 

114.5 

8.125 

224.0 

41.0 

20.0 

21.75 

8.88 

806.75 

1.40 

6 

L9 

20 

206 

114.75 

8.125 

224.0 

40.0 

20.0 

21.75 

a88 

305.75 

L50 

5 

lLt» 

80 

249 

115.0 

3.00 

224.0 

40.0 

20.0 

21.75 

aKH 

805.75 

2.00 

8 

L5 

81 

201 

115.0 

3.25 

224.0 

80.0 

30.0 

21.75 

&88 

305.75 

L85 

8 

LM 

82 

217 

114.75 

3.125 

210.0 

45.0 

30.0 

20.3 

8.86 

805.8 

1.85 

5 

10 

83 

226 

115.25 

3.125 

224.0 

60.0 

21.5 

a  81 

305.5 

8.00 

6 

19 

84 

287 

114.75 

3.00 

206.0 

80.0 

19.5 

9.03 

305.5 

1.55 

4 

LS 

85 

244 

113.5 

a  125 

200.0 

70.0. 

20.0 

19.1 

a  8 

809.1 

1.85 

3 

Lli 

88 

236 

114.5 

3.25 

200.0 

.60.0 

30.0 

19.1 

a8 

309.1 

1.42 

8 

IS 

87 

233 

115.5 

3.25 

200.0 

70.0 

20.0 

19.1 

a8 

809.1 

L42 

8 

LI 

88 

284 

115.5 

3.25 

200.0 

70.0 

20.0 

19.1 

a8 

809.1 

2.05 

4 

L» 

80 

232 

114.0 

3.125 

210. 0 

35.0 

40.0 

20.5 

a92 

305.5 

L80 

2 

11 

40 

255 

115.25 

8.19 

210.0  , 

35.0 

40.0 

20.5 

a92 

805.5 

1.52 

7 

^5 

41 

219 

114.5 

3.375 

160.0^ 

1 

130.0 

14.0 

a  45 

804.0 

L40 

12 

L»; 

42 

241 

115.5 

3.25 

190.0 



100.0 

17.75 

a69 

807.75 

1.40 

13 

\h 

48 

235 

114.5 

3.375 

160.0 

130.0 

14.75 

a68 

304.75 

1.25 

15 

^^  \ 

44 

224 

114.5 

3.125 

160.0 

130.0 

14.75 

a68 

304.75 

L30 

2 

LTS 

45 

296 

114.5 

3.19 

160.0 

130.0 

14.75 

a68 

804.75 

1.55 

3 

L» 

46 

262 

115.5 

3.25 

16a  0 

130.0 

14.75 

a68 

304.75 

1.50 

6 

\l\ 

47 

228 

114.0 

3.5 

160.0 

130.0 

14.25 

a53 

304.25 

1.30 

15 

L»i 

48 

248 

115.0 

3.25 

160.0 

180.0 

5.0 

14.25 

a54 

309.25 

^  1.80 

5 

!•»! 

40 

239 

115.25 

3.125 

160.0 

130.0 

7.0 

14.5 

a  61 

811.5 

2.0 

7 

*'i 

50 

250 

114.75 

3.25 

160.0 

180.0 

7.0' 

14.5 

a  61 

311.5 

1.55 

U 

L»i 

1 

51 

242 

115.0 

8.25 

60.0 

180.0 

5.0 

14.25 

a54 

309.26 

L45 

8 

i   \ 

LWI 

^ 
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^$pondei'aneef  and  physical  properties  of  the  guns. 


>Mting. 


D  of  metal  when 
pooled. 


Nal,bot:Ko. 
erato. 


elj  hot 


eljhol 


diyoool. 


)N0.  1,  00Ol;No. 

eimtelyhot 


ely  hoi 


ely  cool 


No.  Loool;Ko. 
orately  hoi. 


M;  oool. 
lid;  oool. 


n;  oool 

HO.  1,  cool ;  Ko. 

eratoly  hot. 
ely  hot 


Test  of  specimeiiB  from  sink- 
ing head. 


• 

S 

• 

i 

► 

2 

1 

Tl 

'E)d 

1 

of  ori 
tio 

►» 

fi 

«a 

1 

1 

^ 

n 

L&9. 

8.8086 

60.111 

&882r7 

54,984' 

8.8578 

49. 185| 

a 

S. 
§ 

a 
5 

M 

O 

I 

I 

B 


0 
8. 5762144, 387;0, 
&  6*i97  47. 5860 
8. 9104  50,  7I2|a 
8.39U8j36,989! 
8. 624  141. 788 
&6U4'i42,788 
8. 8529  01. 185 


a  5103 
8.77U5 

8.8809 
8.6959 


8.7867 

8.8567 

&8608 

8.6571145, 

&8727 

8.8761 

8.8199 

&  7844  48, 


&8078 

8.8423 
8.8651 
&5888 

&8692 
8.7762 

&R231 


42,188 
44.787 


Ineh. 

0.8308 
0.  4812 
3923 
3385 
4692 
3886 
0  1846 
0.3077 
0. 4138 
0. 4981 
0.2605 
0.2682 


49,786 
45,387 


49. 
53. 
55. 


52. 
54. 
45. 


0.4615 
0. 2692 


IR'^O. 

uo4iU. 

18410. 
587  0. 


385 
584 
987 
786 


49,185 

48.966 
52.385 


3808 
4769 
5615 
3231 
5000 
5.346 
3846 
8977 


0.4286 

0.4154 
0.5088 


38,7890.2088 


9640 


53. 
46.387 

52,385 


8.7756  46.187 
&  7889  47, 586 


•Kal.  Tory  oool 
U;  No.  2,  lively. 


8.8864 
8.8879 

8.7047 
8.8283 
8.8663 
&8808 
8.8063 

a  8489 
a6345 
a  9012 
a  8352 
a8486 
aR602 
a8296 
a.'»45 
a  853^ 

a  8725 

a  8429 

a  8201 


54,784 
55,584 

40,688 
45,987 
.'(1,885 
.5.3,584 
45^587 


53, 
42, 
48. 
52, 
.50, 
54. 
47. 
44, 
49. 


884 
788 
985 
885 

786 
584 
586 


.5602 
0.3462 

0.6346 

0. 3142 
0.3000 
0.  5115 
0.4291 


2500 
4000 
0.4308 
0.6000 
0.328 


0.638S 
0.3962 
0.4588 
0.5077 
0.4846 
0.5885 
0.3769 
38710.2615 
5860.4615 


53,784 


0.6154 


54.7840.4654 


48, 5850. 8962 


B 


I 

fli 

o 

0 


P.eL 

29.75 

39.44 

34.67 

23.93 

34.47 

33.39 

19.72 

25.56 

31.39 

43.66 

24.91 

29.61 

33.65 
2a  21 

28.66 
32.11 
42.14 
22.83 
39.15 
40.32 
30.45 
27.92 

31.91 

41.76 
45.46 
ia93 

40.90 
26.75 

43.00 

2a  03 
23.38 
44.22 
33.25 

27.71 
32.01 
36  88 
47.9 
2a  56 

3a  04 
37.77 
35.07 
34.06 
35.78 
45l33 
25.02 
21.95 
3a  66 


ff 

S 

■ 

I 

1 

ll 


o 
o 


Lbt. 

71,383 

90.794 

75,288 

5^350 

72,614 

76,480 

46,075 

56.137 

62. 362 

94,393 

56.183 

63,630 

76.038 
61,506 

68.950 
78.932 
95,376 
59.075 
86,086 
91,455 
66,122 
67,684 

72,233 

84,110 
96,040 
47,847 

91,887 
63,415 

91,896 

64.172 
62,110 
98.213 
83,265 

56,144 
67.637 
81.407 
102.850 
63,810 

79.725 
68,760 
75,445 
79.444 
79.080 
99.855 
63,465 
56,870 
80,836 


48.84  95,800 
26.32  74,850 


29  19 


68.616 


Ingot  metals  alone  nsed. 
Slow  Are  antil  copper  began  to  melt. 
Bonnes,  &c.,  placed  in  bottom  of  cradble. 
Blow-noles  in  bead ;  ponred  too  slow. 
Used ' '  sand-heads  "  oioasttngs  Nos.  1  and  9. 

Do. 
No  shrinkage  of  head. 

Do. 

Do. 
Shrinkage  almoet  immediate. 
Shrunk  1.5  inches  very  rapidly. 
No  shrinkage ;  omoible  Na  1  melted  thirty 

minntes  before  No.  2. 
Shrank  2  inches  rery  rapidW. 
Interchange  of  metal  in  or aciole  just  before 
ponring. 


Shrinkage  almost  immediate. 

Melted  fifteen  minntes  before  adding  tin. 
Melted  twenty  minntes  before  adding  tin. 
Metal  considered  too  hot  when  taken  tnm 
ftamaoe;  cooled  in  air. 


Melted  twenty  minutes  before  adding  tin. 

Unusually  hot  metal ;  oool  chill ;  blow-holM 
in  casting. 

Chill  cool;  unimportant  blow-holes. 

Melted  twenty-five  minutes  before  adding 
tin. 

Melted  twenty-seven  minutes  before  ad- 
ding tin. 

Metu  considered  overhot. 
Do. 

Exceptional  shrinkage. 

Melted  twenty-three  minntes  before  a4* 
ing  tin. 

Chill  hotter  than  nanal. 
Do. 

Chill  moderate  heat 
Do. 

Chill  extra  heat 

Do. 
Melted  thirty  minutes  befDre  adding  tin. 
Do. 

Metal  quite  finid. 

Melted  twenty  minntes  before  adding  tin. 
Do. 

5  pounds  bronse  added  to  one  pot  after 

skimming  to  cool  metal. 
7  pounds  bronze  added ;  shrank  hollow  In 

center. 
7  pounds  bronse  added ;  shrunk  hollow  with 

scoria  about  edges. 
5  pounds  bronse  added ;  even  shrinkage. 
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Table  A. — Record  of  ctMting,  register  number^  weigki,  hmA 


Finiahed  gun. 

- 

used. 

Casting. 



1 

J 

Metals 

Time. 

m 
m 

United  Statee  register  num 

1 

1 

Bro 

■ 

n 

Lbt. 

Qze. 

11 

H 
Lbt. 

i 
1 

M 

Lbt. 

\ 

0 

|i 

fl     ! 

b 

X 

1 

f 

1 

Lbt. 

1^      Breech  preponderance. 

• 

1 

i 
& 

P.fft. 

• 

■53 

'3 
H 

Lbt. 

t 

1 

H 
n 

a 
H.M. 

11 

s& 

i 

• 

« 
O 

3 

a 

1 
1 

jr. 

Lbt. 

M. 

52 

271 

114.5 

3.375 

160.0 

130.0 

5.0 

14.25 

&54 

309.26 

L40 

6 

L» 

S3 

260 

115.5 

3.375 

160.0 

130.0 

1.5 

14.25 

8.53 

306.75 

2.0 

3 

It 

M 

247 

115.5 

3.125 

160.0 

130.0 

14.25 

8.53  1  804.25 

1.80 

6 

19 

66 

254 

115.5 

3.44 

160.0 

130.0 

3.6 

14.25 

8. 53  ;  307. 25 

1 

1.20 

7 

Li 

60 

297 

118.75 

8.125 

160.0 

130.0 

3.0 

14.25 

&53  1  307.25 

1.10 

11 

LI 

67 

245 

114. 75 

3.36 

160.0 

130.0 

14.25 

8.53 

304  25 

L50 

8 

3 

11 

68 

275 

115.25 

3.125 

160.0 

130.0 

14.25 

8.63 

304.25 

1.30 

7 

IS 

60 

246 

112.0 

8.5 

160.0 

130.0 

8.0 

14.25 

8.54 

312.25 

1.40 

2 

tn 

60 

256 

113.75 

3.625 

160.0 

130.0 

5.0 

14.25 

&54 

309.25 

1.50 

10 

Ol« 

O 

262 

114.5 

3.875 

160.0 

130.0 

14.25 

&53 

304.25 

2.06 

6 

L« 

82 

270 

IILO 

1.625 

160  0 

130.0 

14.25 

8.53 

304.25 

L50 

10 

L« 

64 

264 

114.25 

3.0625 

160.0 

130.0 

6.6 

14.25 

8.54 

310.25 

1.86 

6 

U 

06 

292 

113.5 

3  5 

160.0 

130.0 

14.25 

8.53 

304.25 

1.40 

32 

OlS 

66 

261 

114.75 

3.5 

160.0 

100.0 

4.0 

14.25 

8.54 

808.25 

1.30 

87 

OlS 

67 

293 

118.6 

3.375 

160.0 

130.0 

7.0 

14.25 

8.54 

311.25 

L25 

10 

Oil 

68 

253 

114.75 

3.25 

leo.o 

130.0 

7.0 

14.55 

8. 54  ;  311. 25 

1.20 

12 

LJ 

69 

287 

114.25 

3.125 

160.0 

130.0 

14.25 

a53 

304.25 

1.50 

35 

LS 

70 

251 

114.75 

3.25 

160.0 

130.0 

6.6 

14.25 

&54 

310.25 

1.50 

85 

L3 

71 

291 

114.5 

3.25 

160.0 

130.0 

6.0 

14.25 

8.54 

310.25 

1.25 

6 

11 

72 

278 

114.25 

3.25 

160.0 

130.0 

14.25 

8.53 

304.26 

1.80 

16 

LS 

74 

280 

113.5 

3.25 

803.0 

3.0 

....... 

9.0 

306.0 

3 

LS 

76 

258 

112.5 

3.44 

100.0 

130.0 

8.0 

14.25 

8.54  '  312.25 

L17 

18 

t7 

76 

269 

llSiO 

3.25 

160.0 

130.0 

14.25 

8.53 

304.25 

1.24 

6 

LT 

77 

286 

114. 75 

3.125 

160.0 

130.0 

14.25 

8.53  ,  301.25 

2.10 

84 

LS 

78 

279 

114.5 

8.25 

160.0 

130.0 

14.25 

8.  53  1  304. 25 

2.05 

47 

LI 

79 

284 

113.0 

3.375 

160.0 

130.0 

14.25 

8.53 

304.25 

1.40 

21 

din 

80 

257 

114.0 

3.375 

160.0 

130.0 

14.25 

8.53 

304.25 

L40 

13 

LIB 

81 

289 

114. 76 

2.875 

204.0 

85.0 

19.5 

8.80 

308.5 

2.10 

30 

LS 

82 

290 

114.5 

2.875 

204.0 

85.0 

19.5 

aso 

308. 5 

1.50 

87 

L0 

83 

281 

113. 75 

3.125 

160.0 

130.0 

14.25 

8.53 

304.25 

1.25 

10 

LS 

84 

268 

116.0 

3.25 

160.0 

130.0 

•••.... 

14.25 

8.53 

304.25 

1.26 

10 

If 

85 

265 

115.25 

8.19 

160.0 

130.0 

14.25 

8.53 

304.25 

2.0 

43 

LS 

86 

266 

114.6 

3.25 

176.0 

114.0 

16.5 

&73 

306.5 

1.45 

46 

LS 

87 

294 

114.25  3.26 

204.0 

68.0 

17.0 

19.25 

8.73 

308.25 

1.30 

8 

L» 

KH 

298 

113.5     3.31 

204.0 

68.0 

17.0 

10.25 

8.73 

308.25 

1.40 

6 

ls 

89 

274 

115. 25 

3.19 

204.0 

84.0 

19. 25 

8.73 

307.26 

2.0 

88 

lw 

90 

283 

114.5 

3.25 

204.0 

84.0 

'**'***' 

19.25 

8.53 

307.25 

1.40 

43 

M 

LS 

91 

267 

109. 5     8. 625 

160.0 

130.0 

14.25 

8.53 

804.25 

1.20 

28 

92 

277 

114. 75  !3. 125 

160.0 

130.0 

14.25 

8.53     304.25 

1.35 

15 

L3 

98 

278 

114.5    13.375 

160.0 

130.0 

14.25 

&53  I  304.25 

1.30 

15 

LS 

94 

282 

115.  25  ,3.  375 

160.0 

130.0 

14.25 

8. 53     304. 25 

1.40 

84 

LS5 

95 

259 

114.5    13.25 

160.0 

130.0 

14.25 

8.53  '  304.25 

1.20 

15 

Li 

LTS 

06 

295 

113.5 

'8.26 

160.0 

^     \^.0 

\ ,,, 

Vi.2S 

8.53 

304.25 

1.45 

6 

REPORT    OF   TMJE    CHIEF    OF    ORDNANCE. 
wanoe,  and  physical  propertiM  of  the  guns — Contiuued. 


381 


'anting. 


Test  of  specimens  from  sink- 
ing head. 


n  of  metal  when 
poured. 


« 
e 
o 
t. 
o 

'3 

•& 

T.. 

©• 


I 

o 


i    \E 


^ 


a 
H 


9 

a 

« 

§ 

ce 

o 

ce 


I 


ts 


X6«.    Inch. 
0.4054 


a 

o 

■*» 
o 


P.ct 
40.02 


6 

t 

£ 

o 

'V  o 


'3 
H        i 


t  No.  1,  dull ;  No.    &  8055  47. 686 
I8.880348,186  0.44«l   41.38 


)No.  1,  oool;No. 
erately  hot. 


)No.l,  oool;No. 

'OOOl. 

)No.l,oool;  No. 

iNo.  1,  oool :  No. 
enttely  hot. 


)Noil,oool:  No. 
levately  oool. 
I  No.  l,Teryoool; 
moderate. 

bely  oool 

d 


a  8893 
8.7886 


&  813444, 567 


&8508 
a8582 
8.5257 


63, 584'0.  5231 


50.786 


54,784 


0. 4731 


28.98 
35.68 


0.4000 
0.5023 


34.37 
49.07 
SO,  885;0. 4423  37.38 
0.3448   28.03 


44.587 


a  6033144. 187 
8.786l|49,986 
8. 6238*45, 187 
8. 7426:45, 387 


&6713 
8.7307 


50,885 
47,986 


&  6648  45, 187 


0.3462 
0.3654 
0. 8410' 
0. 4214 

0.5000 
0.8962 


33.14 
32.42 
29.20 
84.83 

40.41 
24.37 


0.3846  39.15 


&8291 
&8179 


54, 784  0. 5154 
50,385  0.8500 


8.7713  55,18410.4780 
&  8236  49, 786  0.3577 
8. 6501 46, 186.0. 3486 


U>  low  tempera- 

lair. 

>1;  low  tempera-  [B.  7321 46, 9860. 2602 

1  ftimace. 

nair ...18.516643.987 


I 


sely  hot . . . 
n  faniace. 


0.2962 

&  8541 49, 185  0.3846 

I  I 

8.7978  53.384  0.5088 
8.840951,7850.4846 


'8.585145,5860.3486 

i8.711945,786i0.2638 

that  portion  did  8. 8750  52, 584  0. 8027 
n.  I  I 

Wlyhot 18.853952, 784  0. 5760 

nair 18. 7187144, 58710. 3346 

)  No.  1.  moder-   8.8310  52,584,0.5241 

!OOl ;  No.  2,  mod 

^hot. 


8. 8863,52. 584J0.  6846 
a  8731 52. 3^5  0.5019 

»ly  oool    la  7920  47, 086|o.  3077 

a  7646i47. 186  0.3030 

>l a  8817i51, 1850. 5058 


tNalfCool;  No 
erately  hot 
»ly  oool ..., 


a  8081:51,885  0.4602 

a  3634142. 187  0.3500 
a  8236!40, 185  0.4260 
a  8474140, 086  0.3846 
a856053.884!0.553H 
a  6814  47, 18610.2707, 
a  7672  47, 0860. 3716 


3a  27 
21,73 
24.26 
24.37 
21.17 

21.40 

2a  42 

25.80 

34.16 

27.07 

23.60 
10.16 
23.00 

47.72 
36.48 
4a  47 


5a  72 
4a  66 
27.71 
40.66 
34.57 
25.89 

27.60 
31.10 
25.56 
31.71 
21.28 
32.58 


Lbs. 
70.343 

82.105 

75.450 
7a  056 

67,032 

107,540 

80,457 

61,050 

66,000 
73,067 
63,te0 
60,646 

84,802 
63,446 

74, 257 

8a  741 
64,373 
72.858 
65,825 
58,  503 

60, 115 

50.784 

66.364 

81,  oa*^ 

71.  003: 

I 

50.670! 
56.6371 
65,502 

100,0601 
60,103 
03,017 


121,400 
02,073 
66,362 
67.048 
7a  2271 

60,331; 

I 

58. 271; 
71.385! 
67.150; 
78.1601 
61. 842: 
71, 088 


5  pounds  bronze  added ;  even  shrinkage. 

1.5  pounds  bronze  added ;  shrank  hollow  in 

center  with  scoria. 
Hollow  shrinkage;  considerable  scoria. 
Sand  heads  principally ;  8  pounds  bronxe 

added  to  one  crucible. 
Lower  heads  principally;  bronze  added  as 

above. 
Sand    heads    principally;     considerable 

scoria. 
Lower  heads  principally;     considerable 

scoria. 
8  pounds  bronze  added  to  cool  metal;  ohUl 

cooL 
Do. 
Melted  fifteen  minutes  before  adding  tin. 
Melted  twelve  minutes  before  adding  tin. 

6  pounds  bronze  added  to  one  crucible  to 
coolmetaL 

4  pounds  bronze  added  to  one  crucible. 

7  pounds  bronze  added  to  both  crucibles. 

Do. 
Metal  cooled  in  fornaoe. 
6  pounds  bronze  added  to  cool  metal. 

Do.  ^ 

Allowed  to  eool  in  open  air. 

Lower  heads  only ;  slow  fire. 

8  pounds  bit)nze  added  to  molten  metal, 
which  was  very  liquid. 

No  bronze  added;  poured  at  once  after 

skimming. 
Melted  thirty-four  minutes  before  adding 

tin. 
Melted  forty-seven  minutes  before  adding 

tin. 
Cooled  partly  in  furnace  uid  partly  in  air. 

Do. 
About  12  pounds  metal  remained  i     one 

cnicible ;  head  2.6  inches  short. 


Chill  cooler  than  usual  for  second  casting. 
Do. 


Metal  cooled  in  furnace. 
Do. 

No  shrinkage ;  chill  extra  hot. 
Chill  hot 


Chill  extra  hot 
Do. 
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Table  A. — Record  of  caatingj  register  ii«iii^,  «pei#JU,  kttik 


Finished  gnn. 


Hetale  naed. 


Bronse. 


• 

1 

1^ 

Lb9. 
180.0 

180.0 
180.0 
130.0 
130.0 
130.0 
130.0 

Lbi. 

O 


Lb§. 
14.25 

14.35 
14.25 
14.26 
14.25 
14.25 
14.25 


Casting. 


Time. 

1 

1  • 
1 

S 

■ 

g. 

s 

■1 

t 

1 

i 

• 

H 

5  \^ 

o 
p 

•a 

1  B 

1^ 

i  i1 

1 

3 
i 

3 

maoec 
per 

frx>m 

1' 
1    i 

Pk 

S 

& 

i    i 

P.ct 

£&«. 

ir.M. 

Jf. 

jr.  7iidL 

8.53 

804w25 

1.41 

6 

7    L8 

8.53 

804.26 

L50 

82 

f   LS 

8.63 

304.25 

1.10 

24 

7    Ltl 

&53 

804.26 

L27 

U 

i 

it 

&53 

304.26 

1.20 

7 

• 

il 

8.53 

304.25 

1.40 

84 

S 

LIS 

8.58 

804.26 

il 

cosDuai 


14 

212.5 
160.0 

76.0 

180.0 
80L0 

806.0 

8.0 
6.0 

20.7 
14.26 

8.01 

8.64 
8.0 

8.0 

300.2 

810.26 
306.0 

305.0 

L41 

• 

L30 

4 

2 
8 

1 

11 

88 

■ 

e ;.-.. 

78 

2 

V 

108 

- 

1 

Von. —Foundry  nnmbers  the  same  as  United  States  register  numbers.    The  term  *  *  hoi  **  ia  apfUi 
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vmof,  andphyiical  properties  of  ths  guns — Cotitiuued. 


isUog. 


I  of  oMtal  when 
irared. 


Test  of  specimens  from  sink- 
ing head. 


9 

3 
2 

an 


^ 


g  :s 


o 


• 

• 

s 

o 

a 

a 

2 

i 

4a 

d 

fli 

1 

M 

.a 

5 


<1 


8 


0 


8 

2 

O 
>> 

i 


&7978 
'8.8397 

iaaofe 

8.8404 
8.8157 
8.8872 
&5772 


Lbi.    Ineh,  \  P.  et    Lbt.   \ 

49,7860.4713  30.85|  71,47«|  Head  8  inches  short;  portion  of  bronao 

charge  onintenUonally  left  out 
Cooled  in  fnmaca. 
Da 


50,1860.4598  39.83 
45,8870.8040!  30.03 
63,9840.6032  43.09 
60,1860.3410  27.17 
52, 9840. 5058  47.08 
44,387j0.3154  28.04 


86,350 
04,869 
94,800 
08,910 
100,126 
01,070 


». 


ly  hot 


ly  oool 


8.888a49,90O 

8.8903  34,100 
8.818361,985 

8. 8020  33, 390 


0.8886 

0.2299 
0. 3142 

0.1801 


3&50  81,867 


22.39 
20.80 

19.0 


44,066 
05,027 

41,634 


Spoiled  In  4ttempting  to  **  ham  on  '*  tnm- 

nions. 
Condemned  for  inferior  physleal  qnalitiea. 
Condemned  for  Uffge  blow*hole  near  tma- 

nions. 
Condemned  for  inferior  physical  qnalitiaa 


bnlUtton,  and  "Tery  oool"  to  metal  almost  sluggish ;  the  remaining  terms  are  intennediate^ 
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For  the  parpose  of  discassing  the  resalts,  and  especially  iu  oider  to 
establish,  if  possible,  those  details  in  the  mode  of  casting  wliicb  gire 
goodp  medium,  or  bad  results,  it  will  be  convenient  to  divide  the  cast- 
ings into  several  classes  and  observe  the  average  for  each.  Basing  wA 
a  division  primarily  npon  the  tenacity  of  the  specimen  bars  and  adopt- 
ing the  limits  of  tenacity  given  below,  we  have  fonr  classes  of  thon 
which  were  accepted  and  two  of  the  rejected  ones,  for  which  the  lmi^ 
ing  physical  qualities  of  the  metal  are  given  in  the  following  table: 


Table  B.^Phyaioal  quah 

Ities  of  cas 

UlUmate 
extension 
per  inch. 

1     -.        _- 
i     Ineh«9» 

0.6846 
0.3027 

tin^s  clasHfied. 

Ultimate      »«,»——♦ 

reduction     ^2SSf 

in  area.        ^^«^*J- 

ClMS. 

Tenacity 

original 

cross-section, 

per  square 

inon. 

Poundt. 

55,584 
49,786 

HsnlMii.* 

Class  I.— 48  gims: 

MBxinrnm  .^........r. 

Per  cmt, 

56.72 
23.06 

8.0104 
&6713 

Vk 

MiQimam 

m 

Meftn 

52,494 

0.4884 

, 

36.54 

8.8452 

&SR 

ClMsII.-36gun8: 

Mftximnm 

49,580 
44,787 

0.4602 
0.2588 

4L76 
10.16 

8.9012 
&58S1 

iS 

Minivnn™ ...... r... 

iN 

M««n ,                   . 

47,208 

0.8678 

20.06 

&76a6 

ilC 

ClM8lIl.—14ffans: 

MiizlniDin . .  T , 

44,587 
40,588 

0.4138 
0.2500 

37.77 
21.06 

8.8134 
&86S4 

Mininnun 

Mean 

48.387 

0.8297 

29.02 

&S074 

ifi 

ClaMlV.— 2gaiia: 

Maxlxnam 

88,780 
38,087 

0.2088 
0.1846 

10.72 
1&08 

8.6888 

&8906 

Minimum 

Mean 

37,088 

0.1042 

18.325 

a4808 

**"**""_ 

CONDRMNRD  CXBTINOB. 

Clam  I. — 2  guns : 

Maximum . , ,--,.,, 

51,985 
40,086 

0.3885 
0. 3142 

38.56 
20.60 

8.8885 
&8188 

Minimum 



Mean  . .  ^ . .  ^  - , , , , , ...,.- 

50,985 

'  0. 3513 

20.66 

&8534 

- 

Class  n.— 2  guns : 

Maximum ...  - 

84,100 
83.300 

0.2209 
0. 1801 

22.03 
10.60 

8.3808 
8.3626 

Minimunn    ,  - 

Mean 

33,700 

0.2050 

21.29 

8.8764 

&s 

*  Five  specimens  only  of  Class  I,  2  of  Class  II,  1  of  Class  III,  and  1  of  Class  II,  oondemned 
were  tested  for  hardness.    For  the  rest,  one  specimen  tram  each  casting  is  indaded. 

The  specimens  tested  for  hardness  were  taken  from  the  head  aboot  ( 
inches  above  the  mnzzle  of  the  gun  proper;  their  number  is,  moreorer. 
too  limited  to  enable  a  general  deduction,  nevertheless  the  averages 
as  well  as  the  individual  results  show  that  this  property  increases  with 
the  density.  The  following  deductions  from  Table  B  are  obvioas,  tji: 
The  greatest  ultimate  extension,  reduction  in  area,  and  apparent  deo- 
sity  are  combined  with  the  greatest  tenacity.  The  averages  of  the  Mr- 
eral  classes  show  no  exception  to  this  rule. 

'  CHARACTERISTICS  OP    FRACTURE. 

AVhilst  the  appearance  of  the  fractured  surface  of  the  specimeo  ii 
characteristic  of  the  class^  it  is  by  no  means  so  much  so  as  that  (i  ^ 
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Brior  of  the  specimen  after  fracture.  The  absence  of  breaks  or  cross- 
sks,  which  leaves  the  bar  smooth  to  the  tonch,  however  much  it  may 
striated  or  blistered  or  warped,  is  invariablyan  evidence  of  good 
Jity.  As  the  scale  descends,  the  exterior  of  the  specimen  becomes 
re  and  more  harsh.  The  tendency  to  well-defined  strise  or  sharp- 
^ed  blisters  also  descends  towards  lower  and  broader  blisters,  which 
mselves  finally  disappear  almost,  until  with  the  poorest  specimens 
find  the  bar  having  but  little  irregularity  of  outline  and  covered 
h  cross-cracks  more  or  less  minute. 


EFFECT  OF  VARIATIONS  IN  THE  CASTING  OPERATIONS. 

deferring  to  the  method  of  casting  before  described,  and  supposing 
charges  to  have  been  properly  proportioned,  we  revert  to  the  record 
ble  A)  for  the  details  followed  in  the  casting  of  the  guns  composing 
several  classes  adopted.    We  are  thus  led  to  believe  that  the  qual- 
of  the  casting  is  influenced  by  the  following  incidents,  viz: 
.  Interval  of  time  from  "  copper  melted  "  to  "  tin  added." 
.  Interval  of  time  from  "  tin  added"  to  "crucibles  drawn." 
.  The  aggregate  of  the  two  above,  and  also  of  the  total  time  the 
;al  is  in  the  furnace,  including  the  time  required  to  melt  the  copper 
3opper  and  bronze. 

.  The  condition  or  temperature  of  the  metal  when  poured. 
.  The  temperature  of  the  chill. 

'he  following  table,  showing  the  average  times  employed  in  casting 
.  the  number  of  morning  and  afternoon  castings,  arranged  accord- 
to  the  classes,  is  given  for  illustration: 

Table  C. — VariaUans  in  ihe  casting  operations. 
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)hi8  record  of  averages  shows  that  the  charges  which  were  left  long- 
in  the  furnace  gave  the  best  outcome.  The  relative  number  of  a.  m. 
I  p.  m.  castings  in  the  different  classes  is  significant  in  several  ro- 
ots. The  morning  castings  were  as  a  rule  hurried  more  than  those 
de  after  noon;  the  charged  crucibles  were  put  into  a  furnace  not 
roughly  heated ;  the  tin  was  added  soon  after  the  copper  was  melted, 
I  the  crucibles  themselves  soon  afterwards  withdraN^u.    lAi^  OdlViX^ 
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moreover,  was  not  aniformily  heated ;  it  was  generally  botter  outside 
than  inside,  and  the  average  temperature  varied  considerably,  probably 
between  2(K)<^  and  400^  F.  On  the  other  hand,  for  the  afternoon  cast- 
ings the  metal  was  charged  in  hot  crucibles ;  the  furnaces  were  thor- 
oughly heated ;  the  metal  was  left  in  the  furnace  for  a  considerable  t^m 
after  melting,  and  the  temperature  of  the  chill  was  uniform  and  moder- 
ate; in  all  of  which  contrasts  the  advantage  appears  in  favor  of  tJie 
latter.  The  accompaniments  of  the  p.  m.  castings  gave  much  the  beet 
opportunity  to  regulate  the  melting  heat.  In  35  out  of  48  of  the  best 
castings  (p.  m.)  the  interval  of  time  between  ^^ copper  melted"  and 
^^  charge  withdrawn''  averaged  between  thirty  and  thirty -five  mioutes. 
It  may  be  noted  also  that  in  the  morning  the  sand-head  was  green, 
whilst  in  the  afternoon  it  was  pretty  thoroughly  dried,  from  having  been 
left  some  time  in  place  upon  the  heated  chill.  One  would,  however, 
expect  the  '^  green"  state  to  be  advantageous  in  retarding  the  solidifies- 
tion  of  the  head.  The  only  immediate  effect  observed  was  that  with  ik 
green  sand-head  there  was  apt  to  be  more  or  less  ebullition  from  oontset 
of  the  heated  metal  with  the  moist  sand. 

TEMPEBATUBE  OF  THE   METAL  WHEN  POUBSD. 

We  need  only  to  refer  to  Table  A  to  show  that  for  none  of  the  castings 
belonging  to  Glass  I  was  the  metal  more  than  moderately  hot  when 
poured,  relatively  cool  and  even.  Very  cool  metal  gave  the  strongesfc 
material;  in  fact,  the  general  results  showed  that  it  was  well  to  bare 
the  metal  simply  hot  enough  to  flow  easily^  which  is,  of  course,  ft  mat 
ter  of  experience  with  the  workman.  This  fact  was  not  left  for  after 
elucidation,  for  it  was  perceived  early  in  the  work,  and  at  once  takei 
advantage  of  by  E.  H.  Timm,  the  workman  in  charge,  to  whose  inteifr 
gence  and  care  the  good  results  obtained  are  mainly  due. 

The  practice  of  adding  a  small  quantity  of  planings — from  3  toi 
pounds — to  the  charge  in  the  crucibles,  after  skimming  and  just  befoR 
pouring,  was  originally  introduced  at  the  forty-eighth  casting,  and  sat^ 
sequently  applied  to  nineteen  others  between  that  and  the  seventy-fiftk 
casting!  The  idea  was  twofold:  first,  to  thicken  the  metal,  whiek 
probably  from  the  use  of  a  quantity  of  frequently  remelted  heads,  vis 
in  some  cases  unusually  fluid;  and,  second,  to  reduce  the  temperatme. 
Of  the  castings  thus  treated  six  came  out  in  Glass  I,  eight  in  Glass  lit 
four  in  class  111,  and  one  in  the  lowest  class  of  the  rejected  castings,  tbos 
showing  no  marked  deleterious  efiect.  But  it  was  considered  at  the 
time  that  the  {iractice  was  lowering  the  general  average  of  the  work* 
and  so  it  was  abandoned  to  give  place  to  that  of  leaving  the  metal  in 
the  furnace  for  a  time  after  the  melting,  with  the  lid  of  the  fim^ 
partly  or  wholly  removed. 

The  general  practice  of  keeping  the  surface  of  the  melted  metal  well 
covered  with  fine  charcoal  is  believed  to  have  had  a  beneficial  inflaeoce 
in  preserving  uniformity  of  heat  and  in  retarding  oxidation.  And  sIib* 
ilai  ly  that  of  opening  the  doors  of  the  foundry  as  soon  as  the  metal  was 
poun  d,  by  which  the  solidification  and  cooling  of  the  casting  was 
hastened.* 

*  The  experiments  of  CoIoDel  Lavrow,  before  cited,  abowed  **  that  it  is  best-  to<W 
the  metal  rapidly  ^hile  it  is  in  the  liauid  state,  and  to  baateu  tbe  cooling  even  a^' 
solidification.''  Tbe  chill,  however,  snould  not  be  cooled  too  rapidly,  for  Lieat«o«DJ 
Whipple  states  that  **  with  gun  No.  1  the  mold  was  placed  during  casting  in  s  b*i^* 
which  was  filled  with  running  water.  *  *  *  As  a  conseqnence  the  chill  crtckn- 
With  guns  Nos.  2  and  3  water  was  poured  freely  on  the  chill  ai'ter  casting.  WitbNoSj 
4  ami  5  lesa  water  was  \i%^d,  and  with  No.  6  and  following,  none  was  used  at  $Xl^  ^ 
the  castings  named  were  a\i\>%fecv^«wiW^  "Ki^«>«i\.^,  V«^  ^^  taem,  as  stated,  "on  sccoaot 
of  cavities." 


'    REPORT   OF   THE   CHIEF   OF   ORDNANCE.  387 

THE  REJECTED  CASTINGS. 

There  were  fbar  of  these,  two,  Nos.  14  and  73,  having  metal  of  high 
Bnacity,  and  two,  Nos.  63  and  103,  with  metal  of  inferior  tenacity. 

No.  14,  tenacity  49,986  pounds  per  square  inch,  was  a  good  casting, 
xcept  for  some  small  cavities  in  the  trunnions ;  it  was  subsequently 
polled  in  the  second  attempt  to  bum  on  new  trunnions. 

No.  73,  tenacity  51,985  pounds  per  square  inch.  This  casting  was 
nade  entirely  of  ''lower  heads,''  that  is  to  say,  of  portions  of  the  sink- 
ing heads  within  6  inches  above  the  muzzle  of  the  gun  proper.  No  in- 
got metals  were  put  in  the  charge.  The  metal  was  poured  very  cool, 
possibly  too  cool.  When  the  skin  of  the  castinc;  was  turned  off  in  the 
lathe  it  was  found  to  contain  numerous  small  cavities,  and  one  about 
0^  of  an  inch  in  diameter,  extending  to  the  position  of  the  bore  through 
the  second  reinforce,  that  is,  just  below  one  trunnion  in  the  casting  posi- 
tion. 

No.  63,  tenacity  34,190  pounds  per  square  inch.  The  charge  was  a 
laual  one,  and  the  metal  was  poured  <' moderately  hot";  both  crucibles, 
lowever,  were  cooled  by  adding  planings  after  skimming,  thus  depart- 
ag  from  the  usual  practice  in  such  case  of  adding  to  but  one  of  the  cru- 
ibles  and  reserving  hot  metal  for  the  sinking  head.  The  casting  did 
ot  shrink,  but,  if  anything,  expanded  slightly  on  cooling. 

No.  103,  tenacity  33,390  pounds  per  square  inch.  Like  No.  73,  this 
istiug  was  made  entirely  of  lower  heads.  The  chill  had  been  out  of 
^  for  some  days,  and  was  probably  a  little  rusted.  The  casting  pit 
as  closed  at  the  time,  and  the  chill  was  lowered  into  the  furnace  pit 
ti  front  of  the  Are)  for  convenience  in  pouring.  The  casting  did  not 
irink  on  cooling. 

The  results  from  Nos.  73  and  103  point  to  the  necessity  of  using  a 
^rtain  portion  of  ingot  metal  for  each  charge,  and  again  from  No.  103 
^  the  ill  effect  of  heated  surroundings  for  the  chill  after  the  pouring  is 
>mplete. 

CONCLUSIONS. 

For  casting  bronze  guns  of  the  dimensions  and  with  the  appliances 
erein  described,  we  may  note  the  following  as  tending  to  produce  the 
9st  qualities  of  metal : 

1.  The  ingot  metals  used  should  be  of  the  best  quality,  and  the  charge 
lould  contain  about  9  per  cent,  of  tin,  the  metals  being  weighed  with 
ire. 

2.  The  charge  should  always  contain  a  portion  of  new  metals.^ 

3.  The  furnace  should  be  thoroughly  heated  before  the  crucibles  are 
itroduced,  and  it  would  be  well  also  to  heat  the  crucibles  themselves 
efore  charging  the  copper  or  copper  and  bronze. 

4.  The  fire  should  be  well  kept  up,  and  urged  especially  about  the  time 
F  melting  copper,  a^id  the  surface  of  the  metal  covered  with  charcoal 
Eker  the  melting  begins. 

5.  The  metal  should  remaiq  in  the  furnace  from  30  to  40  minutes,  after 
le  copper  is  melted,  before  withdrawal ;  during  which  time  the  tem- 
eratnre  of  the  furnace  may  be  lowered  a  little  before  the  tin  is  intro- 
Dced,  and  should  be  rapidly  lowered  afterwards. 

*Iu  the  present  case,  except  for  three  castings,  which  were  made  entirely  of  old 
roDze  flower  heads)yand  of  which  two  were  failures,  the  charge  containing  the  least 
roportion  of  new  metals,  hut  one  which  was  largely  used,  was  as  follows:  Ingot  oop- 
Br,  160poands;  heads,  130  pounds;  ingot  tin,  14.25  poondB. 
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6.  The  ingot  tin  should  be  broken  In  small  pieces  and  put  direetif 
into  the  crucible  from  25  to  30  minutes  after  the  copper  is  melted,  the 
contents  of  the  crucible  thoroughly  mixed  by  stirring,  and  a  fresh  dren- 
ing  of  charcoal  added.* 

7.  After  withdrawal  from  the  furnace  the  contents  should  be  again 
thoroughly  stirred  before  the  crucibles  are  skimmed.  The  best  condi- 
tion of  the  metal  at  this  stage  is  believed  to  be  a  medium  tempemtiife 
(rather  cool  than  hot),  but  sufficient  to  allow  it  to  run  easily,  and  a  fair 
consistency. 

8.  The  chill  should  be  moderately  and  uniformly  heated;  that  is,  it 
should  be  thoroughly  warmed  throughout. 

9.  The  metal  should  be  poured  as  soon  as  possible  after  skimmiDg, 
directl}'  from  the  crucibles  into  the  runner  box,  taking  care  to  keept^ 
latter  well  filled,  and  in  case  one  crucible  is  hotter  than  the  other,  re- 
serving the  principal  part  of  its  contents  for  the  last. 

10.  The  runner- box  should  be  at  once  removed,  the  top  of  the  casting 
covered  with  some  non-conducting  substance  ^charcoal  probably  being 
best  on  account  of  cleanliness),  and  the  chill  exposed  to  cooling  cur- 
rents of  air.  A  rapid  shrinkage  of  the  head  is  indicative  of  a  good  cast- 
ing; in  cases  it  is  almost  immediate  with  a  motion  perceptible  to  the 
eye. 

11.  The  interior  of  the  chill  should  be  kept  perfectly  clean  and  fine 
from  rust,  &c.;  when  cracks  appear  they  should  be  hammered  Am 
and  the  chill  prepared  for  use  by  coating  with  a  wash  of  black  lead  to 
prevent  scaling  t)f  the  iron, 

MECHANICAL  TESTS  MADE  WITH  THE  UNITED  STATES    TESTING  Mi 

CHINE  AT  WATEBTOWN  ARSENAL,  MASS. 

In  order  to  obtain  more  complete  tests  of  the  metal  than  could  bi 
made  with  the  machine  at  this  foundry,  duplicate  test  pieces  weretakei 
side  by  side  with  the  regular  ones  from  the  sinking  head  of  ten  of  tk 
castings.  Tests  of  these  duplicates  were  made  with  the  United  Statei 
testing  machine  at  Watertown  Arsenal,  and  the  results  furnished  bj 
Maj.  ¥.  H.  Parker,  United  States  Ordnance,  commanding  the  arseaai, 
are  appended.  These  tests  supply  a  knowledge  of  the  elastic  proper 
ties  and  extensibility  of  the  metal  under  varying  loads.  Besides  th« 
determination  of  these  qualities,  they  differ  from  those  made  at  tiie 
foundry  in  that  the  stress  was  applied  intermittingly,  being  remored 
after  the  addition  of  each  regular  increment  of  1,000  pounds  per  sqaw 
inch,  whilst  in  the  tests  made  here  the  stress  was  continuously  appM 
until  the  specimen  broke,  except  that  each  specimen  had  tx>  be'remored 
once  to  reset  the  machine,  which  did  not  afford  sufficient  scope  for  the 
stretch  of  the  specimen  at  the  first  setting.  The  Watertown  specimeos 
were  also  one  and  four-tenths  inches  greater  in  length  between  gaog^ 
marks. 

The  following  table  gives  a  summary  of  the  results  of  the  Watertowi 
tests,  to  which  is  added  a  column  giving  the  mean  results  of  the  dopli* 
cate  tests  (ten  specimens)  made  at  this  foundry  for  comparison: 

*In  these  castings  this  interval  of  time  was  frequently  inversely  divided,  indgiv^ 
good  results ;  that  is  to  say,  the  tin  was  added  shortly  after  the  copper  was  meltti 
and  the  longer  interval  placed  between  this  time  and  the  withdrawal. 
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.B  D. — Summary  record*  of  tests  of  metal  from  ten  bronze  gun  oastinge  (contract  of 
December  14,  1883)  made  at  Watertown  Arsenal,  Massachusetts, 
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These  results  show  that  the  difference  in  ultimate  resistance  of  8pe^ 
imens  of  bronze  tested  intetmittingly  and  continuously  is  not  great,  and 
similarly  for  the  ultimate  elongation  per  inch.  But  the  reduction  in  aroa 
at  point  of  fracture  for  the  former  is  considerably  greater,  indicatini^ 
that  the  intermittent  application  of  the  stress  caused  the  specimen  t» 
stretch  most  about  the  point  of  fracture,  or  at  least  that  the  stretch  of 
the  stem  was  less  evenly  distributed  than  under  the  continuous  stress. 

The  difference  in  densities  determined  may  be  partly  accounted  for  in 
that  the  half  specimens  which  had1i)een  broken  at  this  foundry  were 
used  at  Watertown  for  a  redetermination  of  this  property,  whilst  at 
this  place  the  whole  specimen  was  weighed  before  subjection  to  the 
tensile  test. 

Omitting  !N'os.  63  and  73,  which  were  taken  from  rejected  castings,  we 
find  the  following  in  the  results  of  the  Watertown  tests : 

Tenacity : 

Maximam  per  square  inch pounds..         52,100 

Minimum  per  square  inch do 43,S20 

Elastic  limit : 

Maximum  per  square  inch do 15, 000 

Minimum  per  square'  inch do 11,000 

Elongation  at  elastic  limit : 

Maximum  thousandths  of  the  linear  unit 0.957 

Minimum  thousandths  of  the  linear  unit 0.6K 

Module  of  elasticity : 

Maximum  per  square  inch pounds..  20,000,000 

Minimum  per  square  inch ...do 12,875  530 

Compared  for  tenacity  the  results  show  generally  that  the  tenacity  of 
the  weaker  specimens  under  the  West  Point  Foundry  test  was  increased 
at  Watertown,  whilst  for  the  strongest  specimens  the  reverse  took 
place. 

THE  PBOJEOTILES. 

The  projectile  consists  of  a  solid  cast-iron  cylindrical  body  with  sb 
ogival  head,  described  with  a  radius  of  one  caliber  and  a  base  formed 
of  the  frustum  of  a  cone ;  a  wrought-iron  shank  is  screwed  into  tJie 
base,  having  an  eye  at  its  rear  extremity  for  attaching  the  shoMinci* 
The  form  and  dimensions  are  shown  in  Figs.  1,  2,  and  3,  Plate  IV. 

The  principal  parts  are  as  follows: 

Total  leoffth  of  hody inches..  15.7 

LfCD^th  or  ogival  head ....do tV 

Radius  of  head I.,  .do 2.5P 

Length  of  cylindrical  part do    ..12.^ 

Diameter  of  cylindrical  part do Sl5 

Length  of  frustum do LI 

Diameter  of  smaller  base  of  irustum do I.3S 

Shank : 

Total  leuffth do....  tafl 

Length  of  screw do 1.5^ 

Diameter  of  screw do L^ 

Length  fix>m  plane  of  base *. do....  5^0 

Distance  from  base  to  cent-er  of  eye-hole do 4.5 

Diameter  of  eye-hole do....  0.4 

Width  at  eye do..  tO 

*See  report  on  life-saving  apparatus,  p.  206,  by  Lieut.  D.  A.  Lyld,  Ordnance  Depart* 
ment,  U. ».  Army. 
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tank — Continued. 

Thickness  through  eye inches..  0.4 

Thickness  aronna  eye do....  0.3 

Diameter  of  neck do 0.625 

istance  of  center  of  gravity  from  plane  of  base do 7.45 

^eight  (average) pounds..  18.75 

The  projectiles  are  cast  head  down  with  a  sinking  head  from  5  to  6 
iches  in  length  above  the  base.  The  pattern  for  the  sand  mold  is  a 
mple  cylinder  of  wood  about  0.2  inches  larger  in  diameter  than  the 
uished  projectile,  and  having  a  head  corresponding  in  form  to  that  of 
le  projectile.  A  number  of  projectiles  may  be  cast  in  each  flask,  de- 
ending  upon  the  size  of  the  latter.  As  a  rule,  four  projectiles  were 
ifit  in  e.ach  flask  in  the  present  instance.  The  usual  form  of  flask  was 
sed.  The  molds  for  the  projectiles  being  arranged  in  the  lower  portion 
ith  a  single  runner  through  the  middle  of  the  upper  portion,  branch- 
ig  at  the  junction  of  the  flask  into  four  channels  leading  into  the  top 
f  the  molds.  "So  risers  were  used.  The  molds  were  oven-dried.  A 
lixture  of  iron,  averaging  about  10  per  cent,  of  Shaparoon  No.  2,  and 

>  per  cent,  each  of  air-furnace  scrap  and  Hudson  No.  2,  was  used  in 
liarging  the  air-furnace  from  which  all  the  castings  were  made. 

At  this. foundry  the  cyl'ndrical  part  of  the  projectile  is  finished  by 
ircular  cutters,  through  which  the  projectile  is  forced  by  hydraulic 
ressure,  a«  described  in  the  Beport  of  the  Chief  of  Ordnance  for  1880, 
age  212.  The  sinking  head  is  first  cut  off,  the  shank  hole  drilled,  and 
le  base  of  the  cylinder  prepared  for  the  press.  Following  the  opera- 
ons  in  the  press,  the  head,  frustum,  &c.,  are  finished  in  the  lathe. 
The  shanks  are  forged  in  suitab\e  dies.  They  are  then  mounted  iu 
le  lathe  and  tool-finished  for  threading,  whilst  the  shank  portion  is 
mply  filed.  The  thread  is  afterwards  cut  with  a  die.  The  exterior  of 
le  eye  portion  is  finished  by  hand-filing  and  the  eye  proper  drilled  and 
laped  in  the  drilling  machine. 

A  tenacity  specimen  of  the  usual  form  for  cast  iron  is  taken  from  at 
last  one  shot  of  each  lot  cast,  generally  from  the  lower  portion  of  the 
nking-head.  The  tenacity  should  not  be  less  than  25,000  pounds  per 
)aare  inch.  The  1,200  projectiles  accepted  under  the  present  contract 
ere  cast  in  eight  lots,  varying  in  number  from  52  to  268.  The  tenacity 
r  the  8  specimens  ranged  from  24,624  to  28,640  pounds  per  square  inch, 
ith  an  average  of  26,250  pounds,  and  the  density  from  7.1794  to  7.2602, 
ith  an  average  of  7.2258.  ^<  The  projectiles  when  finished  must  have 
3  flaws  or  seams  that  would  scratch  or  injure  the  bore  [of  the  gun] 
nd  must  weigh  between  18.5  and  19  pounds." 

The  inspecting  implements  necessary  for  gauging  the  assembled  pro- 
>ctile  are  shown  in  Figs.  4  and  5,  Plate  IV.    They  are — 

1.  The  profile  far  projectile  (Fig.  5),  which  is  made  of  steel  and  care- 
lUy  finished,  to  gauge  the  lengths,  shape  of  the  head,  cylindrical  part, 
ad  frustum  of  the  projectile. 

2.  The  shanh  gauge  (Fig.  4),  which  is  made  of  steel.    It  is  arranged 

>  gauge  the  different  parts  of  the  shank,  viz,  length  from  plane  of  base, 
istance  from  base  to  center  of  eye-hole,  diameter  of  eye-hole,  thickness 
irough  eye,  and  diameter  of  neck,  giving  the  maximum  and  minimum 
measurements  allowed  for  each. 

The  final  but  most  important  gauge  of  the  projectile  is  that  it  must 
t  '^  air-tight"  in  a  gun  of  which  the  bore  is  exactly  2.5  inches  diameter. 
Llthough  all  the  guns  were  gauged  to  be  air-tight  with  the  cylinder 
auge  provided  for  the  bore,  yet  it  was  of  course  impracticable  to  bore 
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100  guns  precisely  alike,  and  in  some  the  gauge  did  fit  more  clofidy 
than  in  others.  To  gange  the  shot,  therefore,  two  gnns  were  selected 
which  were  considered,  from  the  action  of  the  gauge,  to  have,  respect- 
ively, the  smallest  and  largest  bores  in  the  lot.  The  greater  number 
of  the  projectiles  were  tried  in  the  smaller,  since  it  was  found  that  al- 
though none  were  too  small  for  the  larger,  yet  several  which  entered 
this  gun  readily  would  not  enter  the  other.  All  such  projectiles  were 
laid  aside  to  be  reworked  and  subsequenty  tried  in  the  smaller  bore. 


CONTRACT  OF  MAY  14,  1884,  FOR  35  GUNS  AND  420  PROJECTILES. 
(Serrice  nnmbera  of  gnns  from  301  to  335,  inclusive.) 

This  contract — the  second  within  the  fiscal  year — was  made  to  supply 
guns  and  projectiles  of  the  life-saving  pattern  (Lyle  model,  1877)  for  the 
use  of  the  Revenue  Marine  Service. 

Following  close  upon  the  completion  of  the  previous  contract,  the 
same  method  of  manufacture  was  pursued,  with  some  slight  variations, 
which  will  be  noted.  One  of  these  guns  was,  however,  fired  a  number 
of  rounds  for  extreme  proof,  first  with  service  charges,  and  then  with 
charges  (of  powder)  increasing  in  amount  until  the  final  twenty  roands, 
which  contained  double  the  service  charge.  The  facts  developed  by  this 
extreme  proof  are  considered  important  and  will  be  discussed  in  detail. 

In  the  previous  contract  the  proportion  of  tin  was  fixed  between  8  and 
10  per  cent.  In  the  present  case  the  lower  limit  was  raised  and  the 
amount  of  tin  to  be  used  fixed  between  9  and  10  per  cent.  In  both 
cases,  however,  the  charges  of  metal  actually  used  were  made  to  ap- 
proximate a  proportion  of  9  parts  of  tin  in  100. 

The  same  ingot  metals  were  continued  in  use  as  before,  viz,  Lake 
Si^perior  copper  (Quincy  Mining  Company)  and  Banca  tin.  Up  to  cast- 
ing No.  18,  inclusive,  the  charges  of  metal  contained  a  relatively  high 
percentage  of  ingot  copper,  and  differed  in  no  essential  respect  frwD 
those  previously  described.  Beginning  with  casting  No.  19,  however, 
and  following,  the  proportion  of  ingot  copper  was  r^uced  to  about  IT 
per  cent,  of  the  charge  without,  as  will  be  seen,  causing  any  apparent 
deterioration  in  the  quality  of  the  castings.  With  these  latter  one  <rf 
the  two  crucibles  required  for  each  casting  was  charged  with  old  bronxe 
alone,  the  other  partly  with  bronze  and  partly  with  new  metals,  and  to 
this  crucible  the  whole  of  the  ingot  tin  was  added.  But  the  usual  care 
was  taken  with  both  crucibles  to  keep  the  top  covered  with  charcoal 
while  in  the  furnace,  and  to  thoroughly  mix  the  contents  by  stirring. 
In  some  cases  the  contents  of  the  two  crucibles  were  mixed  by  pouring 
after  being  taken  from  the  furnaces,  using  a  third  crucible  (heated)  for 
this  purpose,  but  this  practice  was  not  continued. 

The  old  chills,  although  badly  cracked  inside  and  for  this  reason 
requiring  greater  care  and  much  labor  in  calking,  were  continued  in 
use.  With  castings  Nos.  1  and  2  (the  latter  of  which  was  afterwards 
condemned)  a  pattern  was  used  for  molding  the  sand-head,  which  had 
become  worn  at  the  bottom  by  contact  with  the  heated  chill  and  tbos 
caused  a  shoulder  to  be  formed  in  the  mold  at  the  base  of  the  sand- 
head.  The  injurious  effect  of  this  was  at  once  apparent  in  the  castings, 
both  of  which  were  cracked  around  the  chase  just  below  the  sand-bead^ 
the  shoulder  having  acted  to  prevent  the  metal  in  the  sand-head  firom 
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tinkiug  properly  to  sapply  the  shrinkage  below.  A  new  pattern  was 
at  once  sabstitnted. 

All  of  the  guns  were  subjected  to  the  usaal  proof- firing  and  to  the 
inspection  before  described. 

The  following  table  gives  a  record  of  the  castings,  the  numbers, 
weight,  and  breech  preponderance  of  the  finished  guns,  and  the  physi- 
cal qualities  of  their  metal : 
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Table  "E.Seoord  ofeasUngj  regi»ier  nmmiherf  mifM; 


Finished  gnu. 


I 

! 

O 

I 


8 

4 

5 
6 

7 

8 

9 

11 


12 

18 
U 
16 
16 
17 
18 

19 
90 
91 


94 

25 
28 
27 
28 
29 

80 
81 

82 
88 
84 

35 
86 
87 
88 


^ 

1 

«»i 

H 

Si 

4< 

S 

« 

n 

1 

Lbt. 

301 

109.25 

808 

111.0 

804 

114.25 

805 

113.5 

806 

112.75 

307 

114.0 

308 

115.0 

300 

112.75 

811 

111.75 

812 

114.0 

818 

114.5 

814 

113.25 

815 

U4.5 

816 

112.75 

817 

112.0 

818 

112.0 

810 

114.0 

320 

114.75 

821 

113.0 

828 

116.25 

324 

115.0 

325 

118.75 

826 

113.5 

827 

115.0 

828 

114.75 

329 

118.5 

330 

118.0 

881 

114.5 

832 

114.0 

833 

113.25 

834 

118.0 

385 

114.75 

802 

112.25 

810 

118.25 

322 

114.0 

s 

I 

1 

A. 

i 


Lbt. 
3.125 

3.25 
3.375 

8.25 
3.25 


CMtiBg. 


S5 
S 


180.0 

180.0 
180.0 

180.0 
197.0 


3. 25  197. 0 

3.125  180.0 

3.625  144.0 

2.875  U2.0 


8.625 

3.876 

8.25 

3.125 

3.0 

3.25 

8.375 

3.0'* 
8.125 
3.0 

3.125 
3.125 

3.25 

8.125 

3.125 

8.125 

3.125 

8.125 
8.0 

3.25 

3.125 

8.25 

3.25 
3.875 
8.125 
8.0 


112.0 

174.0 
180.0 

00.0 
170,0 

90.0 
103.0 

53.0 
53.0 
53.0 

53.0 
53.0 

58.0 
53.0 
53.0 
53.0 
53.0 

53.0 
86.0 

33.0 
53.0 
63.0 

53.0 
53.0 
90.0 
90.0 


BronM. 


Lbt. 
110.0 

110.0 
110.0 

110.0 
06.0 

98.0 
110.0 
145.0 
186.0 


186.0 

116.0 
110.0 
213.0 
120.0 
112.0 
122.0 

129.0 
125.0 
126.0 

130.0 
114.0 

125.0 
125.0 
120.0 
108.0 
120.0 

129.0 
155.0 

148.0 
126.0 
125.0 

228.0 
120.0 
210.0 
210.0 


11 


Lbt. 


102.0 
7^.0 

118.0 
122.0 
124.0 

120.0 
136.0 

125.0 
125.0 
130.0 
142.0 
121.0 

12L0 
lOLO 

121.0 
125.0 
125.0 

22.0 
122.0 


used. 

• 

1 

%4 

o 

-ti 

i 

t 

f 

•*» 

9 

^ 

& 

g 

s 

B 

9 

§ 

Lbt. 

Pr.et. 

Lbt. 

17.0 

8.76 

307.0 

17.0 

8.76 

307.0 

17.0 

8.76 

807.0 

17.0 

8.76 

307.0 

18.0 

a63 

311.0 

l&O 

&57 

3iao 

17.0 

8.76 

307.0 

12.5 

8.47 

302.5 

10.25 

&75 

30a25 

10.25 

8.75 

30a25 

16.0 

8.64 

306.0 

17.0 

a  76 

307.0 

7.0 

&44 

310.0 

15.5 

&60 

305.5 

8.126 

8.80 

312.125 

9.25 

8.70 

309.25 

4.75 

&85 

304.75 

4.75 

a  85 

304.75 

4.75 

a85 

307.76 

4.75 

a85 

807.75 

4.75 

a  85 

307.75 

5.25 

9.0 

30a2S 

5.25 

9.0 

30a25 

5.25 

9.0 

30a25 

5.25 

9.0 

808.26 

5.25 

9.0 

30a25 

5.25 

9.0 

80a26 

8.5 

a98 

295.5 

8.25 

a99 

805  25 

5.25 

9.0 

30a25 

5.25 

9.0 

30&25 

5.25 

9.0 

30a25 

5.25 

9.0 

300.25 

10.0 

9.32 

310.0 

11.125 

9.65 

31L125 

Time. 


8 
11 


9 

a 


5& 


& 


1.50 

L55 
2.30 

1.45 
L65 

1.55 
2.80 
1.45 
L50 


2.35 

&10 
L55 
1.45 
1.40 
2.18 
2.14 

2.53 
1.55 
1.50 

0.50 
0.50 

2.0 

2.0 

2.0 

1.15 

1.50 

2.13 
1.25 

1.0 
2.0 
2.0 

2.10 
L20 
L40 
2.05 


s 

M 

s  . 

|i 
§1 

a 


17 

10 
5 

19 
10 

10 

5 

12 

U 


26 
7 
20 
27 
23 
33 


12 
21 

S3 


32 
21 
27 
45 
25 

19 
48 

U 
83 
25 

15 
43 
82 
39 


t 

S 

o 


4 

7 

8 
4 

4 

7 

10    L* 
7    LS 


4 
4 
4 

5i 
5! 
f 

5JL15 
5!LS 
5    LS 

I 
5    LS 

2 
4 
3 

6 

5 

5 

4 


2 
3 
5 

4 
3 
3 

4 


0SBDFOBI1 


10 


144.0 


14a  0 


115 


a47 


302.5 


2.0 


15 


COlTDBlCfW 


2 


180.0 
6a.Q 


\ 


\ 


110.0 
124.0 


1210 


\ 


17.0 
4.75 


a76 
a85 


\ 
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h$eek  preponderanMj  and  phyHoal  properHe$  of  the  gum. 


Conditioii  of  metal 
when  poared. 


Ifedinm  tempentnre.  8.4680 


Test  of  speoimena  fhmi 
Binklnft-bead. 


1 

o 
«a 

I 


do 
.do 


...do 8.7400 

...do 8.6334 


8.8194 
&774^ 


la 


o 

I 


Lbt. 
42,988 


p 

« 

S 
I 

« 

I 


0.808 


41,188  0.411ft 
47, 386  0. 427 


46.387 
43,987 


43,388 
52,964 


« do 8.7686 

do a8643 

do 8. 6588  44;  689 

One  erucible  bot  and  ;8. 8291 61, 785 

liquid;  onocrooible  I 

roediam  temi»emtare  | 

Hedinm  temperatare.  8. 4798  42, 78710. 3231 


0.3731 
0.3435 


I 

.a 


1. 

a  a 

•a  © 


o 

o 

a 
H 


Pr.et    Lb9. 
30. 77i  62,  100 

I 
35.78  64,100 
41.38  80,800 


0.377 
0.5212 
0.354 
0.56 


do '8.8I8151,585;0.4884 


do 
do 
do 
do 
.do 

.do 
.do 
.do 


8. 6351141, 988;0.  3384 
8. 8474:49, 586  0. 878 
8. 7386:43, 388,0. 4 
&  5969'41, 787  0. 2731 
&  5702  42, 588  0.3 


Hot  and  liauid 

Onocmciblebot;  one 
crucible  qoite  oooL 

Cool 

If oderately  oool 

Cool 

Medium  temperature 
Mot 


Medium  temperature. 
•«.*..do  ............... 


Cool 

Medium  temperature. 
One  emcible  not ;  one 

crucible  cool. 
Medium  temperature. 

Cool .\7. 

■•....do  ............... 

Medium  temperature. 


8.6204 
8.8289 
8.6845 

&8508 
&8682 

a8588 
&7264 
8.8408 
8.8451 
8.7117 

&e676 
&8292 


48,386  0  4538 
50, 984  0. 4808 
43, 987  0. 308 


48,985 
49.774 

46,186 
45,986 
."^1.985 
51,085 
45,396 

44,:i88 
49,386 


&  7206  44, 388 
8. 7068,45, 482 
a  7004  45. 187 


&8104 
8.6203 
8.7072 
&7962 


47.385 
42,387 
45,786 
46,786 


0.45 
0.45884 

0.3731 
0.3692 
0. 4731 
0.5077 
0.3307 

0.354 
0.4307 

0.3231 
0.3384 
0.308 


36.88 
32.53| 

30.35 
44.41 
34.36 
45.80 


25.45 

2&45 
31.18 
29.30 
34.87 
25.89 
25.89 

36.58 
40.90 
20.39 

41.47 
40.80 

27.60 
30.66 
35.15 
43.  66 
32.94 

29.72 
30.76 

33.78 
29.09 
28.98 


0.2769  20.28 
0.2846  26.96 
0.2731:  21.95 
0.2884  27.82 


73,500 
64,800 

62,300 
95,300 
62,500 
95,500 


57,400 

72,100 
61,000 

66,660 
56,400 
57,450 

76,800 

108, 700 

55,250 

88,700 
84«100 

63.790 
66.300 
80.070 
90,490 
67,675 

68,150 
71,330 

70, 210 
64,285 
68,625 

59,440 
68,080 
58.665 
61,420 


Bemarks. 


Cracks  around  casting  at  base  of  sand-head. 
Chill  oobl. 

Taken  hot  from  furnace  and  cooled  in  air  un- 
covered. 
Do. 
One  crncible  contained  bronxe  only  mixed 
with  other  before  oastinc. 
Do. 
Chill  quite  warm. 

The  hot  crucible  contained  gun  Ko.  73  (old 
number)  entire. 

Shrunk  rapidly  1.25  inches;  then  rose  0.76 

inches  Ave  minutes  later. 
Casting  completely  set  in  four  minutes. 

Charge  too  great;  mold  overflowed. 
Sspldkhrinkage;  castingaetinthreeminutee. 
Shrinkage  to4>ne  inch  very  rapid. 
Taken  hot  from  fhmaoe  and  cooled  in  air  un* 

covered. 
Reduced  charge-copper  (continued  below). 

Casting  rose  slightly  in  center  after  Arst 

shrinkage. 
Chill  rather  cooL 
Some  metal  in  cool  crucible  set  in  pouring. 

Some  metal  in  one  omoible  set  in  pouring. 

Some  metal  in  one  crucible  set  in  pouring. 

Temperature  of  melting  high,  parUy  lowered 
by  removing  ftimace  covers. 

Charge  contained  one-half  of  condemned  cast- 
ing No.  22  below. 
Do. 

Casting  rose  slightly  aft^r  first  shrinkage. 

Do. 
Head  two  inches  short,  from  small  charge. 
Per  cent,  of  tin  in  charge  increased. 
Same  as  above.     Slight  rise  in  center  after 
first  shrinkage. 


TBEMX  PROOF. 


Hedium  tempentare. 


8.8904 


40,188 


0.2923 


26l32 


54,500 


Selected  because  of  low  physical  properties. 


CASTINGS. 


Cool... 
***...do 


8.818538,9880.2615 


25.24 


62,200 


Condemned  for  inferior  density  and  low 

physical  properties. 
Condemnea  as  soonaaoaatforoaviUealuQluuA. 
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The  fracture  of  the  tensile- test  specimens^  taken  as  before  firom  the  out- 
side of  the  sinking-head  just  above  the  muzzle  of  the  gun  proper,  exhib- 
ited characteristics  similar  in  all  respects  to  those  previously  described, 
The  column  of  ^^  Tenacity  of  original  cross-section  "  in  table  shows  that: 
6  specimens  gave  tenacities  above  50,000  pounds  per  square  inch ;  15 
between  45,000  and  50,000;  and  14  between  40,000  and  45,000,  none 
being  below  a  tenacity  of  40,000  pounds  per  square  inch.  This  record^ 
whilst  good  in  itself,  is  below  that  of  the  previous  contract,  giving  an 
average  tenacity  of  about  46,350  for  35  guns  against  about  49,000  for 
100  guns.  This  deterioration  is  believed  to  be  due  to  the  use  in  the 
charges  of  old  bronze  which  had  been  several  times  remelted  and  had 
lost  relatively  a  greater  proportion  of  its  tin  than  its  copper,  the  lower- 
ing of  the  percentage  of  tin  thus  giving  a  loss  of  tenacity. 

HARDNESS. 

Castings  No.  26  to  38  inclusive  were  tested  for  hardness,  the  test  discs 
being  taken  from  the  outside  immediately  above  the  muzzle  of  tfaegnn 
proper  and  thus  from  the  lower  end  of  the  tensile-test  piece  in  position 
instead  of  from  the  upper  end  as  in  the  previous  contract.  The  t^sts 
were  made  by  Lieut.  G.  W.  Whipple,  U.  S.  Ordnance,  upon  the  testing 
machine  at  Sandy  Hook,  and  gave  the  following  results : 

Table  F. — Hardness  of  bronze,  2^'inch  Lyle  l^e-^aving  guns. 


No.  of  specimen. 

Leoffth  of  out. 

Hjurdneaa. 

Remarks. 

Jnehss, 

29 

0.905 

4.50 

Hardness  of  copper  —  SL  88. 
Pressure  appliM,  10,000  pounds. 

27 

0.865 

5.15 

28 

0.870 

&06 

29 

0.895 

4.65 

80 

0.900 

4.57 

81 

0.870 

5.06 

82 

0.895 

4.65 

83 

0.895 

4.65 

34 

Ok  900 

4.57 

85 

0.875 

4.98 

80 

0.915 

4.35 

87 

0.895 

4.65 

38 

0.860 

5.24 

For  the  two  last  castiugs  an  increasi'd  charge  of  tin  was  used,  amount 
ing  in  No.  37  to  10  per  cent.,  and  in  No.  38  to  11  per  cent.,  of  the  charg^^ 
of  new  metals.  This  increase  of  tin  was  intended,  in  No.  38  at  least,  tm^ 
bring  the  percentage  of  tin  fully  up  to  that  used  in  any  casting  mad*^- 
under  the  two  contracts.*    But  in  the  absence  of  accurate  data  as 

*— filial  _■■  ^.^  .^  ^ 

*  Remarks  on  castinj^s  Nos.  37  aad  3d.  Previous  castings  having  shown  a  tendency 
nndne  softness,  which  was  believed  dae  to  loss  of  tin  from  freq  nent  remel tings  of  bead^tf 
the  charge  of  tin  for  No.  38  was  computed  as  foUows  (on  a  basis  of  9  per  cent,  fortli^v 
charge),  viz :  New  copper,  90  pounds,  demanded  9  pounds  of  tin.  It  was  further  t^^ 
sumed  that  the  heads  had  been  remelted  three  times.  The  loss  of  weight  in  casdfii 
previously  determined,  was  eight-tenths  of  1  per  cent,  of  the  whole  for  each  castio, 
Crediting  five  parts  of  this  loss  to  the  copper  and  two  parts  to  the  tin  ('Hwo  to  th 
parts  of  copper  are  lost  to  one  of  tin ''),  the  loss  of  tin  for  each  melting  was  tweo 
three  hundredths  of  1  per  cent.,  and  for  four  meltings  then  about  1  per  cenl.,  tk 
leaving  the  heads  with  about  8  per  cent,  of  tin,  and  giving  the  following  basis  C) 
the  charge: 

Copper. 


New  metals 

210  poondfl  bronze,  containing  8  per  cent,  tin  ..^ 

Added  to  make  whole  ohuge  contain  9  per  cent,  tin 


Total 


Poioub. 
90l0 

IBS.  a 


288.3 


tVith  No.  37  only  1  pound  ol  tin  ^ai%  %^«A,  iotx  «s.'^Task»ckV 
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3  amoant  of  tin  lost  from  the  heads  of  these  castings  at  each  melting, 
3  intention  of  the  increase  was  mainly  experimental. 
The  tensile  tests  from  these  two  castings  do  now  show  equal  to  some  , 
the  previous  ones^  but  that  of  No.  38,  containing  the  greater  propor- 
•n  of  tin,  gave  the  higher  tenacity.  The  working  of  the  metal  under 
B  lathe  tool,  and  subsequent  firing  proof  of  these  two  castings,  showed 
em  to  be  of  excellent  quality.  But  their  increase  in  hardness  is  not 
irked  as  compared  with  the  average  of  previous  castings,  under  this 
Qtract,  nor  even  in  No.  38  is  it  equal  to  the  average  hardness  given 
'  the  tests  under  previous  contract.  From  which  it  might  be  inferred 
at  the  proportion  of  tin  was  still  small.  But  considering  that  the 
^erage  hardness  of  eight  accepted  castings,  under  previous  contract, 
as  5.89,  and  of  thirteen,  under  this  contract,  was  4.78,  we  are  led  to 
^lieve  that  the  difference  in  position  of  the  test  pieces  effected  the  re- 
ilts  for  hardness,  and  that  since  the  first  named  were  taken  from  the 
inking  head  about  6  inches  higher  than  the  last,  we  may  conclude  that 
le  uppQr  portions  of  the  sinking  heads  do  contain  more  tin  than  the 
»wer,  for  it  is  generally  accepted  that  the  hardness  of  bronze  increases 
ith  the  proportion  of  tin.  This  opinion  as  to  the  effect  of  position  of 
ecimen  on  hardness  is  confirmed  by  the  individual  tests ;  they  are 
arly  uniform  for  the  last  contract,  but  irregular,  and  some  of  them  ab- 
rmiilly  high  for  the  previous  contract  (see  Table  D).  One  conclusion 
l3e  drawn  from  this  is  opposed  to  the  opinion  before  expressed  (see 
»^note,  page  373)  that*  there  is  very  little  segi*egation  of  tin  towards 
^  head  in  these  comparatively  small  chill  castings.  These  tests  for 
r^lness  show  rather  that  the  tin  does  rise  into  the  head,  but  in  unequal 
Entities. 

H/hemical  analysis  should  undoubtedly  go  hand  in  hand  with  the  cast- 
^  of  these  guns,  or  at  least  until  the  law  of  supply  of  tin  in  the  sink- 
S  heads  as  affected  by  each  melting  or  remelting  is  well  determined. 
K.t  in  the  absence  of  that  we  may  from  the  foregoing  limited  observa- 
^118  draw  the  following  rule  for  practice:  In  using  old  bronze  (sinking 
suls,  &c.)  for  new  charges,  assume  that  for  each  melting  the  loss  of 
^  is  given  by  one-fourth  of  1  per  cent,  of  the  original  ingredient  of 
Ekt  metal  contained  in  the  charge;  that  is,  if  the  original  charge  con- 
ined  9  per  cent,  of  tin  after  one  melting,  the  sinking  head  will  con- 
in  8.75  per  cent,  nearly.  It  is  not  improbable,  howiaver,  that  the 
Kitinued  application  of  this- rule  would  eventually  introduce  too  large 
proportion  of  tin,  and  the  rule  stands  to  be  modified  by  future  expe- 
ince. 

7he  hardness  of  these  thirteen  test  pieces,  compared  with  the  densities 
^termined  from  contiguous  pieces  from  the  same  castings,  show,  with 
freely  an  exception,  that  this  property  of  bronze  increases  with  the 
^nsity,  and  confirms  the  results  before  obtained  (see  Table  D.) 

THE  FIRINa  PROOF.  ^ 

Each  gun  was  subjected  to  the  three  proof  rounds  prescribed,  "8 
inces  Hazard  navy  cannon  powder  and  a  projectile  weighing  not  less 
!^u  18  pounds,"  with  the  trunnions  in  a  finished  condition,  the  exterior 
^^eters  about  0.04  inch  over  finished  size  and  the  bore  about  0.05 
^h  under  the  finished  size.  The  carriage  (see  page  375)  used  for 
^  proof  of  these  guns  weighed  96  pounds,  about  40  pounds  more  than 
^  weight  of  the  carriage  used  in  service,  and  was  roughly  constructed, 
^ing  to  slight  variations  in  the  diameter  of  the  bores  in  their  unfinished 
^te,  the  proof  projectiles  did  not  fit  all  of  them  a\r-t\g\\\.\  \m  ^o\ii^^!»Ai^ 
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the  play  amounted  to  0.02  incb,  in  others  there  was  an  air-tight  fit, 
whilst  the  remainder  were  intermediate.  Under  these  circamstaooesit 
was  foand  upon  inspection  after,  the  proof  that  none  of  the  gunsliad 
suffered  any  appreciable  enlargement  of  the  bore,  but  that  the  tranniona 
of  many  of  them  were  slightly  bent  forward,  the  maximum  bemliBg 
being  found  in  casting  No.  10,  where  it  amounted  to  0.019  inch,  measured 
at  the  outer  end  of  the  trunnions  from  the  face  of  a  square  resting  on 
the  plane  of  the  rimbase  against  the  base  of  the  trunnion.  For  the 
remaining  guns  this  bending  was  limited  to  about  0.01  inch  or  less. 
The  apparent  bending,  as  measured,  was  intensified  by  the  fact  that 
the  rear  of  the  trunnions  was  slightly  compressed  in  recoiling  against 
the  cap  squares  and  left  a  corresponding  shoulder  at  tiie  base  of  the 
trunnion  against  which  the  square  abatt^  in  taking  the  measuremeDts. 
Upon  the  whole  these  guns,  although  fulfilling  the  requirements  estab- 
lished by  the  Department  to  govern  their  acceptance,  based  upon  ^^the 
tensile  strength  and  other  physical  qualities  of  the  bronze  employed 
and  in  quality  of  workmanship  and  finish,"  were  considered  scarcely 
equal  to  those  made  under  the  previous  contract.  Accordingly  Uiat 
one  of  the  whole  lot,  casting  "So.  10,*  which  exhibited  the  lowest  general 
average  of  physical  qualities  was  selected  for  extreme  proof. 

THE  EXTBEHE  PROOF. 

After  being  subjected  to  the  usual  proof  firing  of  three  rounds,  the 
gun  was  entirely  finished  and  the  firing  was  commenced  with  the 
service  charge  of  8  ounces  of  powder  and  a  projectile  weighing  18i 
pounds,  which  fitted  the  bpre  air-tight.  The  carriage  us^  for  the 
ordinary  proof  of  the  guns  was  changed  to  conform  more  nearly  to 
service  conditions.  It  was  reduced  in  weight  to  60  pounds,  and  the 
cap  squares  (or  seats  for  the  steel  rings  used  over  the  trunnions)  were 
made  ^'trne"  in  a  lathe.  By  means  of  a  specially  constructed  caliper 
(the  bore  being  too  small  to  use  the  star  gauge),  fairly  accurate  meas- 
urements of  the  successive  enlargements  of  the  bore  were  obtained: 
measurements  were  also  made  of  the  exterior  at  the  diameters  of  maxi- 
mum enlargement  for  the  chase  and  first  reinforce  (breech) ;  of  the 
distance  between  the  rimbases,  and  of  the  bending  of  the  trunnions. 

The  record  of  the  extreme  proof  firing  is  given  in  the  following  table: 

*  Casting  No.  2  stood  below  this  in  the  list.  Its  test  gave  a  tenacity  of  about  39,000 
pounds  per  square  inch  or  3,000  more  than  prescribed;  but  its  density  was  very  lov 
and  the  deformation  of  its  trunnions  under  the  firing  proof  was  marked.  It  vm 
therefore  condemned,  against  the  representations  of  the  contractors,  for  *' inferior  den- 
sity and  low  physical  properties.'' 
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The  total  enlargement  of  the  bore  and  exterior  at  the  end  of  the  100 
rounds  fired  with  the  service  charge  are  shown  in  Plate  V.  The  profib 
of  the  bore  is  a  sinuous  line,  showing  two  places  of  maximum  enlarge- 
ment, one  about  2  inches  in  front  of  the  vent  and  within,  the  first  rein- 
force,  the  other  within  the  chase,  about  6  inches  from  the  muzzle,  Uie 
additional  strength  afforded  by  the  rim  bases  giving  a  contracted  por- 
tion of  the  bore  within  them.  The  exterior  of  the  gun  shows  the  same 
results.  The  trunnions  behaved  remarkably  well.  After  the  100  serv- 
ice rounds  were  fired  the  total  ^^set"  was  0.0225  inch,  or  4mt  O.0(KJ5 
inch  more  than  at  the  commencement  of  the  extreme  proof,  and  at  the 
conclusion  of  the  extreme  proof  the  total  forward  bending  was  less 
than  0.1  inch,  whilst  there  was  no  evidence  of  rupture.  The  vent  piece 
was  broken  short  off  at  the  exterior  of  the  gun  at  the  19th  roond  bj 
striking  against  a  piece  of  iron  lying  in  the  sand  where  the  gun  recoiled. 

At  the  conclusion  of  the  proof  the  gun  was  cut  in  two  through  the 
first  reinforce  for  an  examination  of  the  bore  and  vent  piece.    Other 
than  the  enlargement  of  the  metal  of  the  bore  it  gave  no  evidence  of 
rupture.    It  was  considerably  scored,  probably  due  in  part  to  the  re- 
peated use  of  proof  projectiles  taken  fbom  the  sand-butt  and  the  sand- 
ing of  the  gun  when  it  recoiled  (although  the  bore  and  projectiles  wen 
wiped),  but  otherwise  it  appeared  sound,  and  proved  that  under  do 
conditions  of  service  could  a  dangerous  bursting  of  the  gun  be  antici- 
pated.   Further  than  this,  the  extreme  proof  showed  that  no  danger 
need  be  apprehended  in  a  continued  use  of  these  guns  in  service,  even 
after  excessive  enlargements  of  the  bore  and  exterior,  for  this  relativelj 
inferior  gun  remained  in  safe  condition,  as  regards  bursting,  when  the 
bore  was  enlarged  from  2.5  to  2.76  inches,  an  increase  of  one-quarter  of 
an  inch,  the  first  reinforce  from  5.5  to  5.74  inches,  and  the  chase,  at  4 
inches  from  muzzle,  from  4.5  to  4.615  inches.    How  far  this  enlarge- 
ment of  the  bore  would  affect  the  flight  of  the  projectiles  could  not  be 
determined  with  the  means  at  hand.    Probably,  as  regards  the  aoca- 
racy  required  of  these  guns,  and  considering  their  short  ranges,  the 
effect  would  not  be  great ;  but,  with  the  enlargement  of  the  bore,  the 
force  of  the  projectile  would  undoubtedly  be  much  diminished,  owiof 
to  the  escape  of  gas  around  it.    It  therefore  becomes  an  important 
matter  to  issue  these  guns  for  service  in  such  a  condition  that  the  bon 
mil  not  he  disadvantageomly  enlarged  by  service  firing. 

It  is  well  known  that  mandreling  the  bore  has  been  resorted  to  is 
other  cases  for  effecting  this  ij^urpose.    It  is  also  well  known  that  the 
bore  of  a  bronze  gun  once  enlarged  by  a  given  charge  and  powder  presS' 
nre  will  subsequently  stand  a  number  of  rounds,  with  the  same  or  an 
inferior  pressure,  without  any  decided  enlargement  of  the  bore.    Indeed 
this  is  believed  to  have  been  in  part  Captain  Lyle's  object  in  prescrib- 
ing that  his  guns  should  be  subjected  to  the  3proof  rounds  with  % 
reduced  bore,  whereby  the  metal  around  the  bore  would  be  condensed, 
leaving  a  safe  margin  for  the  finishing  cut.    In  practice,  however,  this 
result  is  not  brought  about.    Of  the  135  guns  recently  constructetl  Done 
gave  a  decided  enlargement  of  the  bore  under  the  ordinary  proof,  maeh 
less  any  approach  to  the  "set"  of  0.1  inch  developed  in  the  bore  of 
^casting)  No.  10  under  the  first  three  rounds  to  which  it  was  subjected 
m  the  state  of  a  finished  gun.    But  after  this  first  enlargement  the 
maximum  increase  up  to  100  rounds  with  service  charges  was  bot  0.013 
inches.    The  first  proof  (three  rounds)  of  this  gun  was  made  with  » 
charge  of  8  ounces  of  powder  and  an  18-pound  projectile,  with  the  bore 
2.45  inches  diameter,  and  there  was  no  appreciable  enlargement   The 
first  three  rounda  ait;et  &ii\c\i\\i^^  \ye\\i^  V^^^^tically  the  same  chaise, 
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»Te  a  great  enlargement.  The  probable  main  cause  of  this  difference 
I  dae  to  the  difference  of  the  fit  of  the  projectiles  in  the  two  cases.  In 
he  preliminary  proof  it  was  a  close  fit,  but  not  quite  air-tight,  as  in  the 
Iter  proof,  and  this  arose  l^om  the  fact  that  the  gun,  ^ing  '^  rough 
Mired"  for  the  preliminary  proof,  the  fit  of  the  projectile  was  not  accu- 
ate. 

These  facts  lead  to  the  following  recommendations  in  regard  to  the 
Lring  proof  of  these  guns  in  future  constructioiis.  Each  gun  shall  be 
>Toved  by  firing  three  rounds ;  for  the  first  two  rounds  the  gun  shall  be 
nounted  in  a  carriage  similar  to  the  service  pattern,  and  the  proof 
charge  shall  be  8  ounces  of  Hazard  navy  cannon  powder,  or  a  finer 
prained  powder  made  by  the  same  firm,  or  another  to  be  agreed  upon 
3y  the  contracting  parties,  and*  a  cylindrical  bolt  or  projectile  to  weigh 
tiot  less  than  18  pounds.  For  the  third  round  the  gun  shall  be  mounted 
in  a  cradle  (the  trunnions  free),  and  the  proof  charge  shall  be  12  ounces 
>f  the  same  powder,  and  a  similar  projectile.  •  •  •  The  powder 
)Toof  shall  be  applied  before  ^^  finishing  reaming,"  the  diameter  of  the 
>ore  for  the  proof  to  be  2.3  inches,  and  the  proof  projectile  must  be 
Dade  to  fit  the  bore  air-tight  preliminary  to  the  first  proof  round. 

The  purport  of  this  recommendation  is  to  subject  the  bore  to  at  least 
iB  great  a  powder  pressure  as  it  will  afterwards  receive  in  service.  The 
Irst  two  rounds  with  service  conditions,  including  an  air-tight  project- 
te,  may  effect  that  object,  and  at  the  same  time  will  sufficiently  test 
he  strength  of  the  finished  trunnions.  But  if  the  first  two  rounds  do 
lot  compress  the  bore,  the  third  and  heavier  round  fired  from  a  cradle 
rill  probably  do  it,  ana  will  otherwise  certainly  produce  a  powder  press- 
ire  greater  than  to  be  afterwards  had  in  service.  From  the  fact  that 
he  trunnions  are  in  a  finished  state  at  this  proof,  and  that  they  are  al- 
eady  about  the  minimum  size,  consistent  with  safety,  it  is  considered 
hat  they  should  not  be  subjected  to  the  heavy  proof  round  which  is 
ntended  only  to  insure  a  proper  condensation  of  the  metal  around  the 
lore.  The  two  lighter  charges  are  given  first,  so  as  to  prepare  the  gun 
or  the  heavier  charge  and  not  subject  the  metal  suddenly  to  an  excess- 
ire  strain,  the  ill  efiect«  of  which  are  shown  in  Lieutenant  Whipple's 
eport  (see  pages  277  and  278,  report  of  the  Chief  of  Ordnance,  U.  B.  A., 
878). 

PROJECTILES. 

In  making  the  projectiles  under  this  contract  there  was  no  change 
rem  previous  methoder  except  in  regard  to  the  projectile  '^  shanks.'' 
i?hese  had  been  rough  shaped  in  a  die.  In  this  instance  they  were  made 
rem  a  fine  quality  of  Ulster  round  bar-iron.  The  bars  were  received 
..125  inches  in  diameter,  and  cut  into  lengths  of  4.125  inches.  The  cen- 
ral  portion  of  these  lengths  was  then  forged  and  drawn  out  nearly  to 
Inished  size  to  form  the  neck  of  the  shank,  the  two  ends  being  left 
!oagh  to  finish  for  the  head  (or  eye)  and  threaded  portion.  The  eye 
^nd  was  first  turned  to  the  shape  of  a  sphere  joined  to  the  end  of  the 
Item ;  next,  two  sides  of  the  sphere  were  removed  together  by  milling  to 
leave  the  proper  <<  thickness  at  eye ; "  finally,  the  eye-hole  was  drilled, 
chamfered,  and  otherwise  finished. 

ADDENDA. 
Chemical  analysis  of  samples  {contract  of  December  14,  1883). 

At  the  close  of  writing  this  report  there  come  to  hand  the  results  of 
^  chemical  analysis  of  10  samples,  made  by  Oaptain  Pitmaw^  T3\i\\ftA. 
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States  Ordnance,  taken  from  the  10  specimen  pieces  sent  to  Watertown 
Arsenal  for  test  (a  snmmary  of  the  mechanical  tests  is  given  in  Table 
Dy  and  the  individual  records  are  appended). 

These  resnlts  are  highly  interesting  and  important.  The  samples 
pertain  to  the  lower  portions  of  the  sinking  heads,  between  the  muzzle 
of  the  gnn  proper  and  about  6  inches  upwards  (the  guns  being  cast 
muzzle  up).  The  following  table  gives  the  results  obtained  by  the 
analysis  and  for  comparison  the  percentage  of  tin  estimated  to  be  in 
the  charge  at  the  time  of  casting. 

Table  H. 


CMtfng,  nnmlMr  of  SMnple. 


27.: 

88 

47 

49 

88 

71 

78 

86. 

97 

99 

Arerages 


By  analysia. 


Copper. 


PereenL 
90.71 
91.88 
91.45 
91.57 
91.64 
91.59 
91.82 
91.79 
91.81 
91.74 


9L495 


Tin. 


Pwreent 
9.14 
8.64 
8.48 
a42 
8.40 
a89 
8.28 
&29 
8.28 
7.76 


8.398 


OiiKlMal  obArge 
estimated  ta  contein- 


Copper. 


P^roenL 
91.17 
9L19 
91.47 
91.39 
91.46 
91.46 
91.00 
91.47 
91.47 
91.47 


9L875 


Tin. 


PtreerU, 
a88 
8.81 
8. 58 

a  61 
a54 
a64 

9.00 

a53 
a  53 
a53 


a546 


Loet  or  niaed  ia 
melttnic. 


Copper. 


PeretnL 
-0.46 
+0.14 
-a  02 
+0.18 

-t-ai8 

+0.13 

+a32 
+a82 

+0.34 

+a27 


+ai2 


TbL 


■fllll 

-Ml 

-ai> 

-414 

-ais 

-ItTT 

-a» 

-aTT 


-a  117 


There  is  an  average  relative  gain  of  0.12  per  cent,  of  copper  and  rel- 
ative loss  of  0.15  per  cent,  of  tin.  The  tests  being  made  from  numbm 
of  the  castings  taken  at  random  through  the  whole  list,  attest  the  af>- 
curacy  with  which  the  original  charges  were  apportioned;  they  also  show 
that  the  relative  loss  of  tin  in  the  melting  as  conducted  was  a  small  and 
nearly  constant  quantity.  The  higher  numbers^how  an  increase  in  this 
loss,  for  the  bronze  used  in  their  charges  (40  to  45  per  cent,  of  the  charge) 
had  been  one  or  more  times  remelted. 

Not  less  important  is  that  phase  of  these  results  which  shows  tiie 
effect  of  the  actual  percentage  of  tin  present  upon  the  physical  quali- 
ties of  the  metal.  The  samples  used  for  the  preceding  analysis  were 
taken  from  the  same  castings  and  identically  placed  with  the  tenidle 
test  pieces,  the  physical  qualities  of  which  are  given  in  Table  D.  We 
are  thus  able  to  judge  of  the  precise  effect  of  tin  upon  the  physical 
qualities.  The  best  results  were  obtained  from  No.  33,  containing  8.64 
per  cent,  of  tin^-whilst  No.  99,  containing  but  7.76  per  cent,  of  tin,  is 
nearly  equal  to  the  best.  No.  27,  containing  the  highest  percentage  of 
tin  (9.14),  is  near  the  foot  of  the  list. 


CONCLUSIONS. 

The  resnlts  of  the  chemical  analyses,,  although  limited  in  number  and 
scope,  relative  to  the  requirements  of  the  manufacture,  yet  do  not  oon- 
flict  with  the  rule  given,  page  397,  to  the  effect  that  the  bronze  from  the 
first  melting  of  a  given  charge  may  be  taken  to  contain  one-foartii  of 
one  per  cent,  less  tin  than  was  contained  in  the  original  charge. 

Also  having  due  regard  for  the  behavior  of  the  guns  herein  described 
under  the  firing  proof,  t^e  precise  results  of  the  analysis  of  pieces  tested 
for  physical  quaUtie^)  and  gwing;  due  weight  to  the  well-known  hxX  that 
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B  hardness  of  bronze  increases  with  the  proportion  of  tin  present, 
ere  appears  no  reason  to  modify  the  conclusion  previously  given  that 
B  I)roportions,  copper  91  per  cent.,  tin  9  per  cent.,  represent  the  best 
r  use  as  these  guns  are  now  made. 


'PORT  OF  MECHANICAL  TESTS,  MADE  WITH  THE  UNITED  STATES 
rSSTING  MACHINE,  CAPACITY,  800,000  POUNDS,  AT  WATERTOWN  ARSE- 
^AJL,  MASSACHUSETTS,  FOR  THE  ORDNANCE  DEPARTMENT,  U.  A  ARMY, 
VASHINOTON,  D.  C. 

STB     BT    TENSION:  TEN     BRONZE  SPECIMENS  FROM     WEST    POINT 

FOUNDRY. 


March  22, 1884. 
No.  131. 


ids  threaded  to  fit  L54^inoh  dies,  ten  threads  per  inch.    Hence  thread  not  fiiU  V. 

flCarlis  on  bar,  90;  diameter,  .798  inch ;  sectional  area,  .50  square  inch.] 


Applied  loads. 

Elonga- 
tion per 
incn. 

Sncces- 
sive  elon- 
gation 
per  inch. 

Perma- 
nent set. 

Sacces- 

bive  per. 

manent 

set 

Remarks. 

Total. 

Per 

aqnare 

inch. 

Poundt. 

500 

1,000 

1,500 

2,000 

2,500 

3.000 

8,500 

4,000. 

4.500 

5,000 

5,500 

6,000 

0,500 

7,000 

7,500 

8,000 

8,500 

9.000 

9,500 

10,000 

10,500 

11.000 

11,500 

12,000 

12,500 

13,000 

13,500 

14.000 

14,500 

15.000 

15,500 

Pounds. 

1,000 

2.000 

3,000 

4,000 

5,000 

6,000 

7,000 

8,000 

9,000 

10.000 

11,000 

12,000 

13,000 

14,000 

15,000 

16,000 

17,000 

18,000 

19,000 

20,000. 

21,000 

22,000 

23,000 

24,000 

25,000 

26,000 

27,000 

28,000 

29,000 

30,000 

31,000 

82,000 

33,000 

Ineh. 

0. 
.000075 
.000160 
.000200 
.000250 
.000300 
.000375 
.000475 
.000475 
.000525 
.000550 
.000625 
.000750 
.000800 
.000050 
.001200 
.  001475 
.  001975 
.002925 
.004725 
.007925 
.014925 
.019700 
.027850 
.034475 
.042475 
.050225 
.058725 
.067725 
.077400 
.0875 
.1000 
.1125 

Ineh. 

Ineh. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 
.000075 
.000225 
.000425 
.000800 
.001750 
.003525 
.006775 
.  013475 
.018075 
.  026225 
.  032625 
.040375 
.047975 
.056425 
.065225 
.074525 

Ineh. 

Initial  load. 

.  000075 
.000075 
.000050 
.000050 
.0000.50 
. 000075 
.  OOOIOO 

0. 
.000050 
.000025 
.000075 
.000125 
.000050 
.000160 
.000250 
.000275 
.000500 
.000950 
.001800 
.003200 
.007000 
.004775 
.4)08150 
.006625 
.008000 
.007750 
.008500 
.009000 
.009675 
.0101 
.0125 
.0125 

1 

1 
Elastic  limit 

Micrometer      re- 
moyed. 

.000075 
. 000150 
.000200 
.  000375 
.  000950 
.  001775 
.003?50 
.006700 
.004600 
.008150 
.006400 
.007750 
.007600 
.  008450 
.008800 
.009300 

16,000 

16,500 
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AppUedloftdA. 


Totol. 


Poundt. 
17,000 
17.600 
18.000 
18,600 
19,000 
19,500 
20,000 
20,500 
21,000 
21,600 
22,000 
22,050 


Per 

square 

inch. 


PoundM. 
84,000 
36.000 
36,000 
87,000 
38,000 
39,000 
40,000 
41,000 
42,000 
43,000 
44,000 
44,100 


Blong»- 

tion  per 

inch. 


Inch. 
.1250 
.1376 
.1600 
.1650 
.1800 
.2000 
.2176 
.2400 
.2600 
.2876 
.3200 


Snceee- 
Bive  elon- 

ication 
per  inch. 


Ineh. 
.0126 
.0125 
.0126 
.0160 
.0150 
.0200 
.0176 
.0225 
.0200 
.0276 
.0326 


Permft- 
nentset. 


Inch, 


Baooee- 
aive  per- 
manent 
set. 


Inch. 


Kemsrks. 


Ultimate  strength. 


Elongation  of  inoh  sections :  .35  inoh  (.41  inoh  fraotnred  section),  .31  inoh,  .26  inch. 


GENERAL  SUMMABY. 

Specific  graylty 8.«Mfl 

uurdness 6.M 

Tensile  strength  per  square  inch  of  original  section pounds . .      K 1 

]Kafltic  limit  per  souare  inch  of  original  section do —      li< 

Slongati(m  per  incn  after  roptare inch..    OiD 

Elongation  per  inch  under  strain  at  elastic  limit do Ml 

Bednction  in  diameter  at  point  of  rupture  (approximate). do lH 

Beduotion  in  area  after  rupture,  per  centum  of  original  section \ 

I*oflition  of  rupture 1|  Inches  fhm  w 

Character  of  oroken  surface light  yellow,  uniform  color.    Fine  surface  oraoks  developed  ak 

stem. 


No.  149. 


Tracture. 


-4i 


[Marks  on  bar,  40 ;  diameter,  .798  inch ;  sectional  area,  .50  square  inch.] 


Applied  loads. 

Elonga- 
tion per 
inch. 

Succes- 
sire  don* 

gation 
per  inoh. 

Penna- 
nentset 

Bucces- 
sive  per- 
manent 
set. 

Bemnrka. 

1 

Total. 

Per 

square 

inch. 

PowndM. 
600 
1,000 
1,500 
2,000 
2,600 
3,000 
9,600 
4,000 
4.500 
6,000 
5^600 
6,000 
6,600 
7,000 
7,600 
8,000 
8,600 
9.000 

PowmU. 

1,000 

2,000 

3,000 

4,000 

6,000 

6,000 

7,000 

8,000 

9,000 

10,000 

11,000 

12,000 

13,000 

14,000 

16^000 

16,000 

n,ooo 

>      18,000 

JneA. 

0. 
.000076 
.000100 
.000160 
.000226 
.000276 
.000325 
.000375 
.000425 
.000500 
.000560 
.000600 
.000626 
.000675 
.000825 
.000900 
.OOUOQ 
\    .O0\Wi 

.000075 
.000025 
.000050 
.000076 
.000050 
.000050 
.000050 
.000060 
.000075 
.000050 
.000050 
.000026 
.000060 
.000150 
.000076 
,    .000200 

Ineh, 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 
.000075 
.000125 
.000250 

Iiyih, 

Initial  load. 
Elastio  limiU 

^ 

.000076 

.000060 

.000126 

I    .000186 

i£ 
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▲pplied  loads. 

• 

Blonga- 

tion  per 

inch. 

Saocee- 
sire  elon- 
gation 
per  inch. 

Perma- 
nent set. 

Saooee- 
sire  per- 
manent 
aet. 

Remarks. 

Total. 

Per 

•quare 

inch. 

Pounds. 
9,500 
10,000 
10,500 
11,000 
11,500 
12,000 
12,500 
13,000 
13,600 
14,000 
14,500 
15.000 
15,600 
16,000 
16,600 
17,000 
17,600 
18,000 
18,500 
19.000 
19.600 
20,000 
20,500 
21,000 
21.500 
22.000 
22,500 
28,000 
23,600 
24,000 
24,600 
25,000 
25,500 
25,580 

Foundt. 
19,000 
20,000 
21,000 
22,000 
23,000 
24,000 
25,000 
26,000 
27,000 
28,000 
29,000 
30,000 
81,000 
32,000 
83,000 
34,000 
35,000 
36,000 
37,000 
38,000 
89,000 
40,000 
41,000 
42,0)0 
43,000 
44,000 
45,000 
46,000 
47,000 
48,000 
49,000 
50,000 
51,000 
51.160 

Inch. 

.001575 

.002100 

.003800 

.005325 

.  OIOIOO 

.014250 

.019525 

.025825 

.032575 

.039825 

.046000 

.053575 

.0625 

.0700 

.0800 

.0900 

.1000 

.1125 

.1225 

.1850 

.1475 

.1600 

.1700 

.1925 

.2025 

.2250 

.2450 

.2675 

.2900 

.8175 

.3575 

.8925 

.4450 

Ineh. 
.000275 
.000525 
.001700 
.001525 
.004775 
.004150 
.005275 
.006300 
•  .006750 
.006750 
.006675 
. 007575 
.008825 
.0075 
.0100 
.0100 
.0100 
.0125 
.0100 
.0125 
.0125 
.0125 
.0100 
.0225 
.0100 
.0225 
.0200 
.0225 
.0226 
.6225 
.0400 
.0350 
.0525 

Ineh. 

.000600 

.001125 

.002850 

.004400 

.008900 

.018050 

.018100 

.024325 

.030825 

.037575 

.044100 

.051825 

Ineh. 

.000225 

.000525 

.001725 

.001550 

.0045A0 

.004160 

.006050 

.006225 

.006500 

.006750 

.006525 

.007425 

1 

Micrometer     re- 
moved. 

Ultimate  strength. 

■••••J«**« 

ngatSonof  inch  sections :  (.64  inch  fraotnred  section),  .45  inch,  .43  inch  .42  inch. 

GENEBAL  SUMHABY. 

flo  gravity a  8949 

ness *  7.16 

tie  strength  per  square  inch  of  original  section pounds. .       51, 160 

ic  Umit  ]>er  sanare  inch  of  original  section do 14,000 

^tion  per  inch  after  rapture Inch..    0.46 

^tion  per  inch  nnder  strain  at  elastic  limit do 060675 

slion  in  diameter  at  ]>oint  of  rapture  (approximate) do 188 

stion  in  area  after  rupture,  per  centum  ox  original  section 42.0 

ion  of  ruptnre 1.8  inches  flrom  neck. 

«ter  of  broken  surfMse uniform  structure,  light  yellow  color. 
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IK" 


r  Marks  on  bar.  73 ;  diameter,  .796  tndh;  sectional  area,  .50  square  inch.] 


Applied  loads. 

• 

• 

Elonga- 
tion per 
inch. 

Sacces- 
sive  elon- 
gation 

Perma- 
nent set. 

Sncces- 
siro  per- 
manent 

Bemarks. 

Per 

Total. 

square 

per  inch* 

set. 

1 

inch. 

Pounds. 

Pounds. 

Inch. 

Inch. 

Inch. 

Inch. 

500 
1,000 
1,500 
2,000 

1,000 
2,000 
3,000 
4,000 

0. 
.000050 
.000125 
.000200 

0. 

a 
a 

0. 

Initial  load. 

.000050 
.000075 
.0U0075 

2,500 

5,000 

.000250 

.000050 

.000025 

.000025 

3,000 

6,000 

.000300 

.-000056 

.000025 

0. 

8,600 

7,000 

.000400 

.000100 

.000025 

0. 

4,000 

8,000 

.000500 

.000100 

.00a025 

0. 

4,500 

9,000 

. 000525 

.000025 

.000025 

0. 

5,000 

10,000 

.000600 

.000075 

.000025 

0. 

Elastic  limit. 

5,500 

11,000 

.000700 

.000100 

.000075 

.000050 

6,000 

12,000 

.000750 

.000050 

.000100 

.000025 

• 

6,500 

13,000 

.000850 

.000100 

.000150 

.000050 

7,000 

14,000 

.000975 

.000125 

.000200 

.000050 

7,500 

15,000 

.  001025 

.000050 

.  000225 

. 000025 

8,000 

16,000 

.001175 

.000150 

.000300 

. 000075 

8,500 

17,000 

.001350 

.000175 

.000400 

.000100 

9,000 

18,000 

.001550 

.000200 

.000525 

.000125 

9,500 

19,000 

.001850 

.000300 

.000750 

.000225 

10,000 

20.000 

.002250 

.000400 

.001025 

.000275 

10,500 

21,  000 

.  002825 

.000575 

.001650 

.000625 

• 

11.000 

22,000 

.003875 

.001050 

.002750 

.001100 

11.500 

23,000 

.005050 

.001175 

.003775 

.001025 

12,000 

24,000 

.007025 

.001975 

.005750 

.001975 

12,  .'WO 

23,000 

.000825 

.002800 

.008400 

.002650 

13,000 

26,000 

.  012750 

.002925 

.011175 

.002775 

13,500 

27,000 

.  014550 

.001800 

.013025 

.001850 

14,000 

28,000 

. 019500 

.004950 

.017800 

.004776 

14,500 

20,000 

.  024125 

.004625 

.  022176 

.004375 

13,000 

30,000 

.030000 

.005875 

.027850 

.005675 

Micrometer      r»> 

15,500 
16,000 
16,500 
17,000 
17.500 
18,000 
18,500 
19,000 
19,500 
20,000 
20.500 
21.000 
21,500 
22,000 
22,500 
23,000 
23,500 
24,000 
24,500 
25,000 
25,500 
25, 700 

31,000 
82,000 
83,000 
84,000 
35,000 
86,000 
37,000 
38,00C 
39,000 
40,000 
41,000 
42,000 
43,000 
44,000 
45,000 
46,000 
47,000 
48.000 
49,000 
50,000 
51,000 
51,400 

.0350 
.0400 
.0450 
.0575 
.0625 
.0700 
.0800 
.0875 
.1000 
.1125 
.1200 
.1325 
.1500 
.1600 
.1825 
.2000 
.2200 
.2450 
.2750 
.3075 
.8475 

.0050 
.0050 
.0050 
.0125 
.0050 
.0075 
.0100 
.0076 
.0125 
.0125 
.0075 
.0125 
.0175 
.0100 
.0225 
.0175 
.0200 
.0250 
.0300 
.0326 
.0400 

...... 

mored. 

••«•*••       m 

• 

•s*«.*  ..^. 

Ultimate  atrength. 

Elongation  of  inch  sections:  (.41  inch  fhiotared  section),  .35  inch,  .34  inch,  .33  inch. 
The  stem  preserved  iU  cylindrical  form  daring  the  test,  not  drawing  down  and  "»ftlflng 
sarfiwe,  characteristic  of  the  more  dactile  specimens. 
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GENERAL  SUMMABY. 

Iftograrlty a  8859 

aeas < 7.40 

fie  fltrength  per  square  inch  of  orietnal  section pounds . .        61, 400 

do  limit  per  so  uare  inch  of  original  section do....        10,000 

gmtion  per  incn  after  rupture inch..    0.357 

gation  per  inch  under  strain  at  elastic  limit do OOOWO 

ictton  in  diameter  at  point  of  rupture do 138 

iction  in  area  after  rupture,  per  centum  of  original  section 82.0 

ion  of  rupture one-half  inch  ftt>m  neck. 

seter  of  broken  surface yellowish  gray.    SurfiMe  cracks  developed  along  the  stem. 


No.  151. 


Tracture. 


[Marks  on  bar  97 ;  diameter,  .798  inch ;  sectional  area,  .50  square  inch.] 


Applied  loads. 


Po%xndt. 

500 

1.000 

1,500 

2,000 

2,500 

3,000 

3,500 

4.000 

4.500 

5,000 

5,500 

6,000 

8,600 

7,000 

7,500 

8,000 

8,500 

9,000 

9,500 

10.000 

10,500 

11,000 

11,500 

12,000 

12,500 

13,000 

13,500 

14,000 

14,600 

15,000 

15,500 

18,000 

16,500 

17,000 

17,500 

18,000 

18,500 

19,000 

19,500 

20,000 

20,500 

21,000 

21,500 

22,000 

22,500 

23,000 

23,500 

24,000 

24,500 

25,000 

25,400 


Pounda. 
1,000 
2,000 
3,000 
4,000 
6,000 
6,000 
7,000 
8,000 
9,000 
10.000 
11,000 
12,000 
13.000 
14,000 
15,000 
18,000 
17,000 
18,000 
19,000 
20,000 
21.000 
22,000 
23,000 
24,000 
25,000 
26,000 
27,000 
28,000 
29,000 
80,000 
81,000 
32,000 
33,000 
34,000 
35,000 
36,000 
37,000 
88,000 
39,009 
40,000 
41,000 
42,000 
43,000 
44.000 
45,000 
46,000 
47.000 
48.000 
49.000 
50.000 
50.980 


Elonga- 
tion per 
inch 


Inch. 

0. 
.000050 
.000125 
. 000175 
.000250 
. 000275 
.000325 
.  00(>375 
.000450 
.000500 
.000550 
.000625 
.000700 
.000775 
.000875 
.  001025 
.001250 
.001500 
.001800 
. 002525 
.003950 
.006275 
.010050 
.  014975 
.  020525 
.026475 
.  032025 
.040025 
.047275 
.055525 
.0650 
.0725 
.0800 
.0925 
.1025 
.1125 
.1250 
.1375 
.1525 
.1650 
.1825 
.2000 
.2200 
.2375 
.2625 
.2850 
.3125 
.3475 
.3875 
.4375 


Succes- 
sive elon- 
gation 
per  inch. 


Inch. 


.000050 

. 000075 

.  0U0050 

.000075 

.000025 

.000050 

.000050 

.000075 

.000050 

.000050 

.  000075 

.000075 

.000075 

.000100 

.000150 

.000225 

.000250 

.  000300 

.000725 

.  001425 

.  002325 

.003775 

.004925 

.005550 

.005950 

.005550 

.008000 

.  007250 

.008250 

.009475 

.0075 

.0075 

.0125 

.0100 

.0100 

.0125 

.0125 

.0150 

.  0125 

.0175 

.0175 

.0200 

.0175 

.0250 

.0175 

.0275 

.0350 

.0400 

.0500 


Perma- 
nent set. 


Inch, 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 
.000025 
.000075 
.000200 
.000300 
.000525 
.000875 
.001550 
.003050 
.005226 
.008950 
.  013750 
.019025 
. 025025 
.030525 
.038225 
.045525 
.053425 


Succes- 
sive per- 
manent 
set 


Inch. 


.000025 
.000050 
.000125 
.000100 
.000225 
.000350 
.000675 
.001500 
.002175 
.003725 
.004800 
.  005275 
.006000 
.005500 
.007700 
.007300 
.007900 


Bemarks. 


Inithhlload. 


Elastic  limit. 


Micrometer 
moved. 


re- 


IIVtVmtAA  a\x«ii\^i2tau\ 


vgatioD  ofiDcb  sfctioui*:  .53  inch,  .40  inch  (.66  inch  fractured  aecUou^,  .4A  VuoYl. 
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GENERAL  SUMICABT. 


Spedflo  grftvitj 8.nt 

Hardn«M tfl 

Tensile  strengtli  i»er  square  inch  of  orisinsl  seotion pounds..      St^MI 

Elastic  limit  per  saoare  inch  of  origins!  section do. ..      U.M 

Elongation  per  incn  after  rup tnre .' inoli . .    an 

Elongation  per  inch  under  strain  at  elastic  limit do. . . 

Bedactton  in  diameter  at  point  of  niptnre.... .' do... 

Sttdoction  in  area  after  roptare,  per  oentam  of  original  section 

Position  of  rupture 2  inches  from 

Character  of  broken  surface light  yellow  colored,  interspersed  with  small  spots  of  dstk  jtBtn 

metal. 


HI 


No.  162. 


Uk" 


[Marks on  bar,  83;  diameter,  .798 inch ;  sectional  area  .50  square  inch.] 


Applied  loads. 


Poundt. 

600 
1,000 
1,500 
2.000 
2,500 
8,000 
3,600 
4.000 
4.500 
5.000 
5.500 
6,000 
e.500 
7,000 
7,600 
8,000 
8,500 
9.000 
9,500 
10,000 
10,600 

ii.doo 

11.500 
12.000 
12,500 
13.000 
18.500 
14.000 
14.500 
15,000 
15.500 
16,000 
16.500 
17.000 
17.500 
18,000 
18,500 
19. 000 
19.600 
20,000 
20,500 
21,000 
21,600 
22.000 
22,500 


Per 

square 

inch. 


Elonga- 
tion per 
inon. 


PoundM. 
1.000 
2,000 
8,000 
4,000 
5,000 
6.000 
7.000 
8,000 
9,000 
10,000 
11,000 
12,000 
13.000 
14.000 
15, 000 
16.000 
17,000 
18,000 
19,000 
20,000 
21,000 
22.000 
23,000 
24,000 
25,000 
26,000 
27.000 
28.000 
29.000 
30.000 
81,000 
82,000 
33,000 
34,000 
35,000 
36,000 
37,000 
38,000 
89,000 
40,000 
41,000 
42,000 
43,000 
44.000  V 
45,000  \ 


Inch. 

0. 
.000025 
.000075 
.000125 
.000175 
.000225 
.000250 
.000300 
.000350 
.000400 
.000450 
.000525 
.000550 
.000650 
.000725 
.  000825 
.001000 
.001125 
.001325 
.  001625 
.  002275 
.003475 
.005825 
.010250 
.  014200 
.020000 
.025950 
.032376 
.040250 
.946500 
.0550 
.0675 
.0750 
.0850 
.0950 
.1050 
.1175 
.1300 
.1450 

1550 
.1726 
.1876 
.2050 
.^50 


Sncces- 
sive  elon- 
gation 
per  inch. 


Perma- 
nent et. 


Succes- 
sive ]>«r- 
manent 
set. 


jTtch. 


\ 


.000026 
.000050 
.000050 
.000050 
.000060 
.000026 
.000050 
.000050 
.  000050 
.000050 
.000075 
.000025 
.000100 
.000075 
.000100 
.000175 
.  000125 
.000200 
.000300 
.000550 
.  001200 
.002350 
.  004425 
. 003950 
.005800 
.005950 
.006425 
.007875 
.006250 
.0085 
.0125 
.0076 
.0100 
.0100 
.0100 
.0125 
.0125 
.0150 
.0100 
.0175 
.0150 
.0176 
.O'iOQ 
.OVl^ 


Inch. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 
-.  &.  0025 
-.  000025 
-.000025 
-.000025 
-.000025 
-.000025 

0. 

0. 
.000025 
.000100 
.  000175 
.U00300 
.  000576 
.001250 
.002425 
.004675 
.009050 
.012800 
.018450 
.024400 
.030625 
.038425 
.044500 


Inch. 


.000026 

0. 

0. 

0. 

0. 

0. 
.000026 

0. 
.000026 
.000U75 
.000075 
.000125 
.000275 
.000675 
. 001175 
.00*2250 
.004375 
.003750 
.005650 
.006950 
.006225 
.007800 
.006075 


\- 


Remarks. 


Initialload. 


Elastic  limit. 


Micrometer 
moved. 


re- 
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Applied  loeda. 

Blong»- 

tionper 

inon. 

Baocos- 
sive  elon- 
gation 
per  inch. 

Pemui- 
nent  eet 

Succes- 
sire  per- 
manent 
set. 

Totel. 

Per 

sqiiAre 

Inch. 

Pe«iMU. 

28,000 
23,500 
24,000 
24,500 
25,000 
25.500 
28,000 
28,050 

Poundt. 
46,000 
47,000 
48,000 
49,000 
50,000 
51,000 
52,000 
52,100 

JfUh. 

.2850 

.2950 

.8125 

.8450, 

.8850 

.4250 

.4075 

.0225 
.0300 
.0175 
.0825 
.0400 
.0400 
.0725 

Ineh. 

Jneh. 

• 

Ultimate  strength. 

•"•***""*• 

Sknkgation  of  inch  sections :  .50, Inch,  .40  inch  (.61  inch  fractnred  section),  .45  inch. 

GENERAL  SUMHABY. 

telfle  gravity a 8884 

rdnees &1S 

laile  strength  per  square  inch  of  original  section pounds..       52,100 

«tio  limit  per  sanare  inch  of  origlnid  section do ,15,000 

Dgation  per  inch  after  ruptnre inch..    0.'512 

ngfttion  per  inch  under  strain  at  elastic  limit do .000725 

Inctkm  in  diameter  at  point  of  rupture , do 108 

Inotion  in  area  after  ruptnre,  pw  centum  of  original  section 44. 0 

dtion  of  rupture one-half  inch  from  middle  of  stem. 

araotcr  of  Broken  surface uniform  structure,  light  yellow  color. 


No.  153. 


■FhaeAift 


[Marks  on  bar,  47 ;  diameter,  .798  inch ;  sectional  area,  .50  square  inch.] 


Applied  loads. 


Per 
Total.    I   sanare 
mch. 


Poundt. 
500 
1,000 
1,500 
2,000 
2,500 
8,000 
3,500 
4.000 
4,500 
5.000 
5.500 
8,000 
6,500 
7.000 
7,600 
8,000 
8,500 
9,000 
9,600 
10,000 
10,600 
11.000 


Poundt. 

1,000 

2,000 

3,000 

4.000 

5,000 

6,000 

7.000 

8,000 

9,000 

10,000 

11,000 

12,000 

13,000 

14.000 

15.000 

16,000 

17.000 

18,000 

19.000 

20,000 

21,000 

22^000 


Elonga- 
tion per 

iDOD. 


Jndi. 

0. 
.000050 
.000075 
.  000125 
.000250 
.000300 
.000350 
.000450 
.000500 
.000550 
.000675 
.000725 
.000775 
.U00900 
.001025 
.  001175 
.001525 
.001800 
.002575 
.004025 
.006225 
.009775 


Succes- 
sivo  elon- 
gation 
per  inch. 


Inch. 


.000050 
.000025 
.000050 
.000125 
.000050 
.OO0O.*K) 
.000100 
.000050 
.000050 
.000125 
.000050 
.000050 
.000125 
.  000125 
.000150 
.000350 
.000275 
.000775 
.U0I45O 
.  0(12200 
.  003550 


Perma- 
nent set 


Jneh. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 
.000025 
.000025 
.000025 
.000025 
.000050 
.000050 
.000100 
.  000175 
.000275 
. 000525 
.000775 
.  001475 
.  0U2925 
.004975 
.008575 


Succes- 
sive per- 
manent 
set. 


Ineh. 


000025 

0. 

0. 

0. 
000025 

0. 


Bemarka. 


Elastic  Umit. 
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Applied  loada. 

Elon  ga- 
tion per 
inch. 

SncoeB- 
aire  elon- 
gation 
per  inch. 

Perma- 
nent aet. 

Saccea- 
si  ve  per- 
manent 
aet. 

1 

TotaL 

Per 

aqnare 

inch. 

Pounds, 
11,600 
12.000 
12,500 
13,000 
18.500 
14,000 
14.500 
15,000 
15,500 
16,000 
16,500 
17.000 
17,500 
18,000 
18,500 
19,000 
19,500 
20,000 
20,500 
21,000 
21,500 
22,000 
22,850 

Pounds, 
23,000 
24.000 
25,000 
26,000 
27,000 
28,000 
29,000 
80.000 
81,000 
32,000 
33.000 
34,000 
35,000 
36,000 
87,000 
88,000 
39,000 
40,000, 
41,000 
42.000 

.  43,  000 
44,000 
44,700 

Inch, 

.014350 

.  021400 

.028275 

.033400 

.042525 

.  052.'i25 

.05a'S25 

.069775 

.0850 

.0925 

.1000 

.1150 

.1275 

.1425 

.1550 

.1725 

.1875 

.2075 

.2275 

.2500 

.2725 

.3075 

Inch. 

.004575 

.007050 

.006875 

.005125 

.009125 

.010000 

.006000 

.011250 

.015225 

.0075 

.0075 

.0150 

.0125 

.0150 

.0125 

.0175 

.0150 

.0200 

.0275 

.0225 

.0225 

.0350 

Inch. 

.013025 

.019775 

.026450 

.031525 

.040375 

.050275 

.056200 

.067200 

Inch, 

' 

Kicrometer     r»- 
mored. 

Ultimate  atrength. 

Elongation  of  inch  aeotiona :  .29  inch,  .31  inch,  .32  inch,  .36  inch. 


GENERAL  SUHMA&Y. 


Specific  grarity. 
Mardneaa 


Tenaile  strength  per  aqnare  inch  of  original  aection ponnda.. 

Blaatic  limit  per  aaoareinch  of  original  aection do 

Elongation  per  incn  after  rapture inch.. 

Elongation  per  inch  under  atrain  at  elastic  limit do 

Beduction  in  diameter  at  point  of  rupture Fractured 

Character  of  broken  aurface poroua,  apongy ;  numerona  fine  cracks  developed  idong 

the  stem ;  oroken  surface  y^ow,  copper  colored. 


0.B 


atMd 


No.  164. 


Wr€LC€ur€* 


^ 


[Marks  on  bar,  71 ;  diameter,  .798  inch ;  sectional  area,  .50  square  inoh.] 


Applied  loads. 

Elonga- 
tion  per 
inch. 

Succea- 
Bive  elon- 
gation 
per  inch. 

Perma- 
nent set. 

Succes- 
sive per- 
manent 
set. 

Bonarks. 

Total. 

Per 

square 

inch. 

Pounds, 
600 
1,000 
1,500 
2,000 
2,500 
3,000 
3,600 
4,000 
4,500 

Pounds. 
1.000 
2,000 
8,000 
4,000 
5,000 
6,000 
7,000 
i        8,000 

Inch. 

0. 
.000050 
.000100 
.000150 
.000200 
.000250 
.  000300 

.oooasti 

Inch, 

Inch, 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

IntK. 

.000050 

.oooa^ 

.000050 
.000050 
.000050 
.000050 
.OOOO'M 

i         OQM\\      .(^(lt\4<>^\     .t^lOMn^V         ^. 

5,ooo\    io,'wb\   .«»vi^\  .ww^^\     ^. 

\::::::::; 

\ 
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Applied  loiicU. 


TotaL 


Poundi. 

5.500 

6,000 

1,500 

7,000 

7,500 

8,000 

8,600 

9,000 

0,500 

10.000 

10,500 

11,000 

11,500 

12,000 

12,500 

13.000 

13,500 

14.000 

14.500 

15,000 

15.500 

10^000 

10^500 

17.000 

17,500 

18,000 

18,600 

19,000 

10,600 

20,000 

20,500 

21.000 

21.500 

22.000 

22,500 

23,000 

28,500 

23.000 


PeT 

square 

inch. 


PmmdM. 
11.000 
12.000 
13.000 
14.000 
15.000 
16,000 
17.000 
18.000 
10,000 
20.000 
21.000 
22.000 
23.000 
24.000 
25,000 
26,000 
27,000 
28,000 
20,000 
30.000 
31,000 
32,000 
33,000 
34,000 
35.000 
36,000 
37,000 
38.000 
30,000 
40,000 
41,000 
42.000 
43.000 
44,000 
45.000 
46,000 
47.000 
47,800 


in««n».   Saccea- 


Inch. 
.  000525 
.000625 
. 000725 
..000775 
.000925 
.001075 
.001250 
.001525 
.001025 
.008000 
.004750 
.006550 
.000875 
.014000 
.010200 
.022876 
.028250 
.035250 
.042625 
.050050 
.0575 
.0675 
.0750 
.0850 
.0050 
.1050 
.1175 
.1275 
.1875 
.  1525 
.1700 
.1875 
.2000 
.2200 
.2400 
.2650 
.2025 


Inch. 
^000050 
.000100 
.000100 
.000050 
.000150 
.000150 
.000175 
.000276 
.000400 
.  001075 
.001750 
.001800 
.003325 
.  0041V5 
.  005200 
.003675 
.005375 
.007000 
.007375 
.008325 
.006550 
.UlOO 
.0075 
.0100 
.0100 
.0100 
.0125 
.0100 
.0100 
.0150 
.0176 
.0175 
.0125 
.0200 
.0200 
.0250 
.0275 


Sacces- 
Penna-  \  sive  per- 
nent  »et.  manent 
set. 


Inch. 

0. 

0. 
.000025 
.000025 
.000125 
.000225 
.000350 
.000576 
.000025 
.001075 
.003650 
.005450 
.008700 
.012675 
.017725 
.021250 
.026750 
.033475 
.040650 
.048800 


Inch. 


.000025 


Remarks. 


Elastic  limit. 


Micrometer 
moved. 


re- 


Ultimate  strength. 


BoDgatlon  of  inch  sections:  .81  inch,  .81  inch  (.38  inch  fractured  section),  .83  inch. 


GENERAL  SUMMARY. 


Mido  gravity, 
rdness 


Bsfle  strength  per  sqaare  inch.of  original  section pounds. 

laiic  limit  per  sanare  inch  of  original  section do.. 

tngation  per  Incn  after  rupture inch. 

ogBtion  per  inch  under  strain  at  elastic  limit do.. 

luction  in  diameter  at  point  of  rupture do.. 

Inction  in  area  after  rupture,  per  centum  of  original  section 

dtion  of  rupture 1|  inches 

icai^er  of  broken  surface yellow  gray  color,  small  spongy  spot  at  circumference. 

veloped  along  the  stem. 


8.9852 

6.71 
47,000 
14,000 
.  0.88 
.   .000776 
.   .148 

84.0 
ftomneok. 
Cracks  de- 
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No.  155. 


[Ifarks  on  bar,  63 ;  diameter,  .708  inch ;  sectloiuil  area,  .60  square  inch.] 


Applied  loads. 


Total. 


Pmindt. 

600 

1,000 

1,500 

2,000 

2,500 

8,000 

8,500 

4.000 

4,600 

6,000 

5.500 

6,000 

6,500 

7,000 

7.500 

8,000 

8,500 

9,000 

0,500 

10,000 

10,500 

11,000 

11,500 

12,000 

12,500 

13,000 

13,500 

14.000 

14,500 

15,000 

15,500 

16,000 

16,500 

17,000 

17,500 

17,950 


Per 

square 
inch. 


Pound§. 

1,000 

2,000 

8,000 

4,000 

6,000 

6,000 

7,000 

8,000 

9,000 

10.000 

11.000 

12,000 

13,000 

14,000 

15,000 

16.000 

17,000 

18,000 

19.000 

20,000 

21,000 

22,000 

23,000 

24.000 

25,000 

26,000 

27,000 

28,000 

29.000 

80,000 

31,000 

82,000 

33,000 

34,000 

35,000 

35,900 


Elonga- 
tion per 
incD. 


Inch, 

0. 
.000050 
.000125 
.000200 
.000275 
.000375 
.000425 
.000476 
.000550 
.000650 
.000750 
.000850 
.000925 
.001175 
.001425 
.001900 
.002700 
.004275 
.006525 
. 011525 
.016900 
.023900 
.031100 
.040575 
.048400 
.059900 
.065900 
.080400 
.091325 
.106100 
.1225 
.1350 
.1500 
.1625 
.1925 


Sacces- 
sive  elon* 

gation 
per  inch. 


Inch, 


.000050 

.000075 

.000075 

.000075 

.000100 

.000060 

.000050 

.000075 

.000100 

.000100 

.000100 

.000075 

.000260 

.000250 

.000475 

.000800 

. 001575 

.002250 

.005000 

.005375 

.007000 

.007200 

.000475 

.007925 

.011500 

.006000 

.014500 

.  010925 

.  014775 

.0164 

.0125 

.0150 

.0125 

.0300 


Perma- 
nent set. 


Inch. 

0. 

0. 

0. 

0. 

0. 
-.000025 
-.000025 
-.000025 

0. 
.000025 
.000050 
.000100 
.000150 
.000275 
.000475 
.000900 
.001650 
.003150 
.005400 
.  010325 
.  015525 
.022550 
.029400 
.038725 
.046600 
.057825 
.066276 
.078200 
.088650 
.103150 


Sncoes- 
sive  per- 
manent 
set 


Inch. 


000025 

0. 

0. 

000026 
000035 
000025 
000050 
,000050 


Initial  load. 


Elasticlimit. 


Micrometer 
moTod. 


Ultimate  strength. 


Elongation  of  inch  sections,  .20  inch,  .20  inch  (.29  inch  fractured  section),  .18  inch. 


GENERAL  SUMMARY. 


Speoiflo  gravity. 
Hard 


krdness 


Tensile  strength  per  sqaare  inch  of  original  section pounds.. 

Elastic  limit  per  square  inch  of  original  section do... 

Elongation  per  inch  after  rupture inch.. 

Elongation  per  inch  under  strain  at  elasticlimit do... 

Reduction  in  diameter  at  point  of  rupture >.• do. .. 

Reduction  in  area  after  rupture,  per  centum  of  original  section •. 

Position  of  rupture 2  inches  ftom  middle 

Character  of  broken  surfsce si>on£y ;  color  light  yellow  with  spots  of  dark  yellow  aad 

colored  metal.    Snrfkce  of  stem  cracked. 


4.78 
A.S17 
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No.  IK. 


Fraetu 


re- 


\V- 


~N1 


(Mftrks  on  bar,  05;  diameter,  .708  iDoh ;  seotionBl  area,  .SO  square  inch.] 


Applied  loads. 


Poiundt. 

600 

1,000 

1,600 

2,000 

2,500 

3,000 

8,500 

4.0(M> 

4,600 

5,000 

5,600 

0^000 

6,600 

7,000 

7,600 

8.000 

8,600 

0,000 

0,500 

10,000 

10,600 

11,000 

11,500 

12,000 

12,600 

13,000 

13.600 

14.000 

14,500 

15,000 

15,600 

16,000 

16,500 

17,000 

17,600 

18,000 

18,600 

10,000 

10,500 

20,000 

20,500 

21,000 

21,500 

21,840 


P0U7%dM. 

1.000 

2,000 

8,000 

4,000 

5,000 

6.000 

7,000 

8.000 

0,000 

10.000 

11,000 

12.000 

18,000 

14.000 

15.000 

16,000 

17,000 

18,000 

10,000 

20,000 

21,000 

22,000 

23,000 

24.000 

.  25.000 

26.000 

27.000 

28.000 

20,000 

30,000 

31,000 

82,000 

33,000 

34.000 

35,000 

30.000 

87.000 

38,000 

30,000 

40,000 

41,000 

42,000 

48,000 

48,680 


Elonga- 
tion per 
inon. 


Inch. 

0. 
.000075 
.  000125 
.000225 
.000275 
.000300 
.000350 
.000425 
.000500 
.000550 
.000625 
.000725 
.000775 
.000000 
.001000 
.001300 
.001525 
.002075 
.002060 
.005060 
.007675 
.012200 
.016050 
.021250 
.028000 
.036075 
.041500 
.040075 
.057500 
.066875 
.0750 
.0850 
.0050 
.1050 
.1175 
.  1325 
.1425 
.1650 
.1750 
.1025 
.2125 
.2325 
.2600 


Succes- 
sive elon- 
gation 
per  inch. 


Inch. 


.000075 

.000050 

.000100 

.000050 

.000025 

.300050 

.000075 

.000075 

.000050 

.000075 

.000100 

.000050 

.000125 

.000100 

.000300 

.000225 

.000550 

.000875 

.002100 

.002625 

.004525 

.003850 

.005200 

.006750 

.008075 

.005425 

.007575 

.008425 

.008375 

.  008125 

.0100 

.0100 

.0100 

.0125 

.0160 

.0100 

.0125 

.0200 

.0175 

.0200 

.0200 

.0276 


Perma- 
nent set. 


IneK, 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 
.000050 
.000075 
.000175 
.000250 
.000375 
.000550 
.  001050 
.001850 
.004000 
.006500 
.010025 
.014700 
.010750 
.026375 
.034250 
.030525 
.047000 
.055300 
.064625 


Succes- 
sive per- 
manent 
set. 


Inch. 


.000050 
.000025 
.000100 
.000075 
.000125 
.000175 
.000500 
.000800 
.002150 
.002500 
.004425 
.003775 
.005060 
.006625 
.007875 
.005275 
.007475 
.008300 
.000325 


Bemarks. 


Initial  load. 


Elastic  limit 


Micrometer 
moved. 


re- 


mtimate  strength. 


longatioa  of  inch  sections;  .35  inch,  .27  inch  (.33  inah  fractured  section),  .26  inch. 

'ractore  began  at  side,  lAinwing  smaU  copper>coIored  spots  and  light-gray  metaL   This  side  of  the 

n  was  broken  with  surface  cracks^ 


6EKEBAL  SUMMABT. 

MiHc  gravity a  7650 

rdneaa 5.82 

isfle  strength  per  square  inch  of  oHginal  section pounds..       43,680 

•tiolimltpersanare  inch  of  original  section do...       11,000 

ogation per  incn  after  rupture inch..    0.277 

ttgation  per  inch  under  strain  at  elastic  limit do...      .000625 

Inetion  in  diameter  at  point  of  rupture do...      .128 

InoUon  in  area  after  rupture,  per  centum  of  original  section 30.0 

Mon  of  nn»ture \\  inches  from  n  eck . 

itaet«r  of  broken  surface slightly  spongy  *,  variatlQua of  cqVqt. 
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No.  157. 


jyactur€. 

If 


^SPutadsjtt^  ^^ 


[Marks  on  bar,  27 ;  diantetor,  .564  inch ;  seotional  area,  .26  square  iBoh.] 

Applied  loads. 

Blonga* 

Uoii   per 

Inoh. 

Soooes- 
sive  elon 

gatlon 
per  inch. 

Penua- 
nentset. 

Saooea- 
sive  per- 
manent 
set. 

Total. 

Per 

sqaare 
inoh. 

Semarki. 

Pounds. 

Poundt. 

Inch. 

Inch. 

Inch. 

Inch. 

260 

1,000 

0. 

0. 

Initial  load. 

600 

760 

2,000 
8,000 

.000100 
.000233 

.000100 
.000183 

0. 
.000038 

.000083 

1,000 

4,000 

.000800 

.000067 

.000088 

0. 

1.250 

5,000 

.000867 

.000067 

.000067 

.000084 

1,500 

6,000 

.000433 

.000066 

.000067 

0. 

1,750 

7,000 

.000567 

.000134 

.000067 

0. 

/ 

2,000 

8.000 

.000600 

.000033 

.000067 

0. 

/ 

2,250 

9,000 

.000667 

.000067 

.000100 

.000033 

/ 

2,500 

10,000 

.000800 

.000133 

.000183 

.000033 

2,750 

11,000 

.000867 

.000067 

.000183 

0. 

3,000 

12.000 

.000967 

.000100 

.000167 

.000084 

Blasticlinlt. 

8,250 

18,000 

.001083 

.000066 

.000233 

.000066 

8,500 

14,000 

.001238 

.000200 

.000300 

.000067 

8,750 

15,000 

.001333 

.000100 

.000833 

.000088 

4,000 

16^000 

.001638 

.000300 

.000567 

.000234 

4,250 

17,000 

.001933 

.000300 

.000733 

.000166 

4,500 

18,000 

.002300 

.000367 

.001038 

.000800 

4,750 

19,000 

.003033 

.000733 

.001833 

.000800 

5,000 

20,000 

.004133 

.  001100 

.002900 

.001067 

6,250 

21,000 

.006067 

.001934 

.004633 

.001733 

6,500 

22,000 

.009400 

.003333 

.007867 

.003234 

6,750 

23,000 

. 011233 

.001833 

.010033 

.002166 

6,000 

24.000 

.013300 

.002067 

.014900 

.004867 

6,250 

25.000 

.022300 

.009000 

.020733 

.005838 

6,500 

26,000 

.028967 

.006667 

.027000 

.006267 

6,750 

27.000 

.036633 

.007666 

.034167 

.007167 

7,000 

28,000 

.048300 

.011667 

.045433 

.011266 

7,260 

20,000 

.056567 

.008267 

.063600 

.008167 

7,600 

80,000 

.067467 

.010900 

.064300 

.010700 

Micrometer      re* 

7,750 
8,000 

31,000 
32,000 

.0733 
.0867 

.005833 
.0134 

mored. 

8,250 

88,000 

.0933 

.0066 

8,500 

34,000 

.1133 

.0200 

•••••••••■ 

8,750 

35.000 

.1233 

.0100 

•  ■■•  ■■••«• 

9,000 
9,250 

36.000 
37,000 

.1367 
.1500 

.0134 
.0133 

0,500 
9,750 

38.000 
89.000 

.1600 
.1800 

.0100 
.0200 

10.000 

40.000 

.1967 

.0167 

10,250 
]0.500 

41,000 
42.000 

.2167 
.2400 

.0200 
.0233 

■  •••••  •«*• 

10,750 
10.880 

43,000 
43.520 

.2633 

.0233 

Ultimate  atrength. 

Elongation  of  inch  sections :  .26  inch  (.32  inch  flractnred  section),  .26  inch. 

GENERAL  SUMMARY. 

Specific  gravity j 

Hardness '. j 

Tensile  strength  per  sqaare  inch  of  original  section pounds..       i 

Elastic  limit  per  square  inch  of  orighisl  section do I 

Elongation  perinea  after  raptare inch..    liJ 

Eloogation  per  inch  under  strain  at  elastic  limit do...     .( 

Reduction  in  diameter  at  point  of  rupture do...     .< 

Reduction  in  area  after  rupture,  per  centum  of  original  section 

Position  of  rupture Middleofi 

Character  of  broken  surface light  ydlow ;  sli^t  TariatioB  ia< 

Note— The  specific  grarities  were  not  determined  ftom  the  test  pieces,  bat  dnplloate  saaplta 
•In  determining  hardness  a  pyramidal  indenting  tool  was  used,  employing  preasofea  of  5)0f0pM 

on  account  of  the  smallness  of  the  specimens. 
The  results  were  reduced  by  computation  to  hardness  under  10,000  pounds  praaavre,  umnauiMt 

the  indentations  vary  as  the  square  roots  of  the  cubes  of  the  pressures. 

F.  H.  PAREXR. 
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Appbkdix  29. 


mr  ON  THE  MANUFACTURE  OF  STEEL  F0BGINO8,  #C.,  FOB  TEE 
DNANCE  DEPARTMENT,  U.  8.  A.,  BY  THE  MIDVALE  STEEL  COM- 
NT  DUBING  THE  FISCAL  TEAB  ENDING  JUNE  30,  1884. 

BT  LDEUT.   F.   B.  HOBB8,   ORDNANCE  DBPARTMXNT. 

Mldyale  Stebl  Works, 
Philadelphia^  Fa.^  August  20, 1884. 

Chief  of  Obdnanoe,  U.  S.  Abmt, 

Washingtanj  D.  0. : 

»  

I :  Complying  with  year  instructions  of  the  26th  nltimo,  I  have  the 
r  to  submit  the  following  report,  showing  nature  and  progress  of 
rork  done  for  the  Ordnance  Department  by  the  Midvale  Steel  Com- 
dnring  the  fiscal  year  ending  June  30. 

iring  the  time  specified  the  Midvale  Steel  Company  undertook  to 
ite  for  the  Department  the  following  contracts  or  orders  for  steel 
ioops,  forgings,  and  castings,  viz : 

Forgings  and  casting  for  the  parts  of  a  3.2-inch  steel  breech-load- 
leld  gun. 

Forgings  for  tube,  breechcup,  and  muzzle-collar  for  converting  a 
3h  Bodman  smooth-bore  gun  into  an  8-inch  muzzle-loading  rifle 
zle  insertion). 

Boiled  hoops  for  a  12-inch  muzzle-loading  rifled  mortar. 
Hammered  rings  for  a  wire- wrapped  tube  for  12- inch  breech  load- 
[fle. 

Hammered  rings  for  repair  of  the  6-inch  Haskell  multicharge  gun. 
Boiled  and  hammered  hoops  for  an  8-inch  steel  breech-loading  rifle. 
Forgings^for  the  breech  mechanism  of  12-inch,  10-inch,  and  8-inch 
h-loading  rifles  and  casting  for  10-inch  rifle. 
Boiled  hoops  for  a  12-inch  breech-loading  rifle. 
Rings,  forgings,  and  casting  for  a  10-inch  steel  wire- wound  breech- 
ig  rifle. 

Qie  end  of  the  fiscal  year,  those  numbered  1,  2,  3,  4,  and  5  were 
leted,  and  those  numbered  6,  7,  8,  and  9  were  still  in  hand,  those 
^ered  6  and  7  being,  however,  nearly  completed.* 

INGS  AND  CABTma  FOB  THE  PABTS  OF  A  3.2-INCH  STEEL  BBEEOH- 

LOADING  FIELD   GUN. 

sse  parts  consisted  of  tube,  jacket,  band,  base-ring,  key-ring,  breech- 
,  carrier-ring,  obturator  and  stem,  gas-check  and  locking-ring  forg- 

e  Midvale  Steel  CompaDy  desire  that  the  details  of  the  manufacture  of  these 
p^  ^bc.y  be  considered  confidential,  and  for  the  information  of  the  department 
for  the  reason  that,  while  no  secret  or  complicated  processes  are  used,  the  small 
I  of  mannfactnre  have  been  determined  by  careful  experiment  and  at  consid- 
expense,  and  it  would  be  con^paratively  easy  for  any  other  firm  to  copy  them. 
'  all  information  relative  to  manufacture  is  therefore  omitted  in  this  report. 
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ings,  and  trunnion  band  casting  of  the  following  roagh-finiahed  dimoi- 
sions,  viz : 


Nature  of  pieoe. 


Tab« 

Jacket 

Band 

Base-ring 

Xey-ring 

Breeoh-blook 

Carrier-ring 

Obturator  and  stem 

Gas^heok 

Locking-ring 

Tmnnion-biuid 


Exterior 

Interior 

diameter. 

diame       c 

Inehe$. 

InehM, 

S.25 

9.80 

'"  6.0 

8.75 

4.75 

8.75 

2.75 

8.60 

4.50 

4.70 

{U\ 

8.75 

3.40 

5  8.8  J 
1.65 

3.8 

2.35 

8.7 

4.9 

7.75 

5.25 

Inehe$, 
88.5 
30.0 
14.55 
4.25 
L25 


Solid  forgfac. 


I 


8.20 

L40 

0.75> 

7.0    i 

0.75 

3.30 

9.75 


With  px^eeltefc 


WithrinbiMai 
tnunioiDii 


The  tube  forging  was  required  to  be  simply  annealed,  the  metd  tA 
have  an  elastic  limit  of  36,000  pounds  per  square  inch  and  a  teDsOe 
strength  of  85,000  pounds  per  square  inch.  The  other  forgings  and  the 
casting  were  required  to  be  oil-tempered  and  subsequently  anneaH 
the  metal  to  have  an  elastic  limit  of  42,000  pounds  per  square  inch  and 
a  tensile  strength  of  95,000  pounds  per  square  inch. 

The  tube  forging  was  made  from  the  lower  part  of  an  ingot  15  inches 
square  in  cross-section  and  about  48  inches  high,  weighing  3,050  pounds; 
was  cooled  in  dry  ashes  after  forging  and  subsequently  annealed.  A 
tangential  test  specimen,  2  inches  long  between  shoulders,*  taken  fm 
the  forging  after  annealing  and  tested  by  the  Midvale  StCQl  Company^ 
showed :  Tensile  strength,  87,700  pounds  per  square  inch ;  elongatioD 
after  rupture,  16  per  cent. ;  contraction  of  area,  20  per  cent. 

The  jacket  forging  was  made  from  part  of  an  ingot  25  inches  sqaaie 
in  cross-section,  and  about  50  inches  high,  weighing  9,450  jiounds.  Tbe 
forging  was  cooled  in  dry  ashei|,  rough  bored,  and  turned,  oiltemperei 
and  annealed.  A  tangential  specimen,  tested  by  the  Midvale  Steel 
Company,  then  showed :  Tensile  strength,  102,900  pounds  per  sqnaie 
inch;  elongation  after  rupture,  14.5  per  cent.;  contraction  of  aroa,^ 
per  cent. 

The  band,  base-ring,  and  key-ring  forgings  were  all  made  from  a  1^ 
inch  square  ingot  of  the  same  open  hearth  heat  as  the  tube  and  jackei 
forgings ;  the  band  was  forged  hollow  on  a  mandrel;  the  base-ring  a&d 
key-ring  were  forged  solid;  all  were  rough  finished  and  then  oil-tem- 
pered and  annealed.  They  were  treated  at  the  same  time  and  in  the  saae 
manner  as  the  jacket  forging. 

The  trunnion  band  was  a  solid  casting  of  open  hearth  steel,  annealed, 
oil-tempered,  and  then  again  annealed.  A  tangential  specimen,  tested 
by  the  Midvale  Steel  Company,  showed :  Tensile  strength,  96,700  pounds 
per  square  inch ;  elongation  after  rupture,  19.5  per  cent. :  contraction  of 
area,  40  per  cent.    The  casting  was  clean  and  free  from  blow  holes. 

The  breech-block,  carrier-ring,  obturator  and  stem,  gas-cheek  and 
locking-ring  forgings  for  the  breech  mechanism  were  made  from  part  of 
a  15-inch  square  ingot  of  the  open  hearth  heat,  from  which  were  made 
the  experimental  hoops  frimished  the  Department  by  this  company  (see 
reports,  Appendices  ^os.  41  and  42.  Eeport  of  the  Ohief  of  Ordnance, 
1883).  After  being  rough-finished  they  were  oil-tempered  and  annealed, 
with  a  view  to  obtaining  the  desired  physical  qualities. 
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rOS  FOB  TUBE,  BBEECH  CUP,  AND  MUZZLE  COLLAB  FOB  CON- 
'ING  A  10-INCH  BODMAN  SMOOTH-BORE  INTO  AN  8-INCH  BBEECH- 
»INO  BILE. 


e  forgings  were  of  the  following  dimeDSions,  viz: 


/ 

Katare  of  piece. 

Exterior 
diameter. 

Interior 
diameter. 

Length. 

Bemarka. 

Inche$. 
14.5 
8.65 
13.75 

Ineheg. 

Inehe$. 
126.75 
8.7 
7.0 

Bongh  forging. 

D   ..............................  ...... 

B«^::::;::::::: ::.:::::.:;::::::::.. 

11.25 

Bough  finished. 

tnetal  of  the  tube  was  required  to  have  a  tensile  strength  of  70,000 
}  per  square  inch,  an  elastic  limit  of  28,000  pounds  per  square 
nd  an  elongation  after  rupture  of  20  per  cent,  in  tangential  sped- 
i  inches  long  between  shoulders,  "f  he  tube  and  breech  cup  to  be 
physical  qualities,  the  muzzle  collar  to  be  slightly  harder, 
tube  forging  was  made  from  an  ingot  30  inches  square  in  cross- 
by  about  50  inches  high,  weighing  12,430  pounds.  The  forged 
was  about  135.5  inches,  the  extra  metal  being  cut  oflf  for  test 
ens.  In  forging  the  ingot  was  heated  five  times  and  was  laid 
md  chipped  between  the  third  and  fourth  heats.  The  forging 
Bn  annealed,  and  a  tangential  specimen  taken  from  the  breech  end 
1  of  ingot),  tested  by  the  iMidvale  Steel  Company  showed  :  Ten- 
ength,  71,500  pounds  per  square  inch  ;  elongation  after  .rui)ture, 
r  cent. ;  contraction  of  area,  39.7  per  cent.  The  cylinders  for  test 
ens  were  then  cut  from  the  ends  of  the  forging  and  the  specimens 
. ;  of  these  there  were  one  radial  and  three  tangential  from  the 
T  cut  from  the  muzzle  end  of  the  forging  and  two  longitudinal, 
iial,  and  three  tangential  from  the  cylinder  cut  from  the  breech 
the  forging.  All  the  tangential  and  longitudinal  specimens 
iken  within  a  prolongation  of  the  exterior  and  interior  surfaces 
finished  tube. 

specimeos  were  tested  with  the  United  States  testing  machine  at 
town  Arsenal, 
results  of  the  tests  are  given  in  the  following  table : 

btained  in  tensile  teste  of  specimens  from  forging  for  tube  for  S-inch  converted  rifle. 


itionof  apeoimen. 


»],  breech  end.. 

ixial,  breech  end 

reeob  end 

ftl^mnxale  end.. 

inaale  end 


S 


S  tf  o 

a  *  o  ujs 


per 
h  of 
tion. 

■HOW 

■e  a 

lastic  limi 
aqnare  in 
original  ae 

longation 
nchunderi 
kt  elastic  li 

M 

W^" 

Pound*. 

Inch. 

38,000 

.001400 

35,000 

.  001233 

35.000 

.  001267 

45,000 

.  001233 

40,000 

.  001367 

33.000 

.  0012  to 

35,000 

.  001767 

41,000 

.  001567 

42,000 

.  001367 

40.000 

.001167 

40,000 

.001267 

.2  »  C  . 

4)  PtO  «.> 


Pounds. 
79,080 
79, 600 
79,600 
79,8H0 
78.  480 
77,  .520 
75,920 
82,400 
81,000 
79, 120 
82,000 


Indi. 
.20 
.24 
.24 
.307 
.32 
.20 
.217 
.28 
.237 
.20 
.18 


a  0 

a  '^ 

Ie 


•s 


•B 


Percent 
27.6 
30.8 
33.8 
56.8 
56.8 
30.8 
27.6 
42.0 
30.8 
42.0 
39.  S 


6191  OSI>^ 


'27 
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Stsulta  obtained  in  ttnHle  testa  of  specimens  from  forging  for  tube,  ^-c. — CoDtineed. 


FoaitioD  of  specimen. 


T»neeiiiiiiL    breech 

end 

Do 

Do        

Longitudinal,  breech 

end         

Do 

lUdialf  breech  end. . 

Do 

Tanuuntial,  muzzle 

end 

Do 

Do 

BadUl,  muzzle  end.. 


Elongation,  per  inch  of  length,  caoaed  by  the  undermentioned  luait. 


OD   9 


8 


o 


*  a 


000300 

00040U 

.000500 

.000633 


000567 
.0004H3 
.000367 
.000400 


Inch. 

000500 

000533.000667 

000533.000633 


000967'.  OOllOO .  001400 

.  OiilOOO .  001233^  001700,.  004233 

1 .  001000 .  0012671. 0016671.  004967 


.  000433. 000600 
0006.S3 .  000733 .  OOliOO 
000667.000833.001067 
000800.001000.001300 


.000733 
.000633 
.000467 
.000567 


.000900 
.000733 
.000700 


001133 
000033 
000767 


.000767.000000 


.000867 
.001100 
.001467 
.  001767 

001267 
001067 
001033 
001133 


009400.01460 
0OH90O..  01373 
009067L  01433 


001000 
001^:67 
0OS200 
004767 


.001067 
.001367 
.00580 
.00630 


001433 .  001533 
001133.001233 


02833  .dU 
.027M  .060 


001133 
001233 


.001167 
.  001267 


001233'.  01 T067  03356  .  (MM 
008030.01300  .02733j.«5M 
0 10200 .  015K3  .  03210! . «]» 
011300.01732  1  .03367 


0096331.01440  .02673 
010267.01503  .02830 
012067.01800  i  .03306 
008433.01286  !  .0S4» 


MM 

.ASM 
.MM 

.ma 


The  breech  cup  forging  was  made  from  part  of  a  25inch  square  io, 
about  50  inches  high,  and  was  afterwards  annealed.  The  physicalqoal 
ities,  as  determined  by  the  Midvale  Steel  Couipany,  were :  Tensile 
strength,  73,500  pounds  per  square  iucli ;  elongation  after  rupturef27i 
per  cent. ;  contraction  of  area,  38  per  cent. 

The  muzzle  collar  forging  was  made  from  the  same  ingotas  the  breech 
cup,  but  was  not  annealed.  The  physical  qualities,  as  determinwi  b.vtb* 
Midvale  Steel  Company,  were :  Tensile  strength,  77,570  pounds persqnart 
inch ;  elongation  after  rupture,  13.5  per  cent. ;  contraction  of  area,  13J 
per  cent. 

BOLLED  HOOPS    FOR  A  12-INCH  MUZZLE-LOADING    BIFLED   MOBTU- 

The  dimensions  of  these  hoops  were  as  follows,  viz  : 


Number 

Sxteri. 

iDteri. 

of 

or  diam- 

or diam- 

Length. 

hoops. 

eter. 

eter. 
fnehe$. 

Jnehet. 

JneAM. 

4 

41.5 

35.0 

8  31 

2 

41.5 

35.9 

9.00 

1 

37.1 

31.0 

9.00 

6 

35.0 

31.0 

8.50 

2 

85.0 

31.0 

9.00 

1 

85.9 

31.0 

8.75 

They  were  required  to  be  rough -finished,  allowing  |^  of  an  inch  on » 
side  over  the  dimensions  given;  to  be  oil-tempered  and  subseqaentlv 
annealed ;  the  metal  to  have  the  following  physical  qualities,  viz:  Elas- 
tic limit,  22  to  25  tons  per  square  inch ;  tensile  strength-,  42  to  46  tons 
per  square  inch ;  elongation  after  rupture,  15  to  20  percentum;  deter- 
mined by  the  test  of  specimens  at  least  3  inches  long  between  shoolden. 

In  his  circular  letter  to  the  steel  manufacturers  of  the  country,  dated 
April  3, 1883,  the  Chief  of  Ordnance  stated  that  to  obtain  the  phjsioil 
qualities  desired  in  steel  forgings  for  ordnance  purposes  special  ti^ 
ment  would  be  iiece&&a»T^^  ^w4  ^^i^Y^^tg^d  his  opinion  that  the  mode  of 
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tment  by  annealing  after  oil-tempering  would  give  a  more  suitable 
Ell,  one  combining  a  high  elasticity  with  considerable  ductility,  than 
other  mode  of  which  the  Department  had  information,  provided 
operations  were  attended  with  certainty  and  uniformity. 
he  results  of  the  tensile  and  shi-inkage  tests  of  the  two  experimental 
[)s  manufactured  by  the  Midvale  Steel  Company,  one  oil-tempered 
subsequently  annealed,  the  other  simply  annealed,  after  rolling  (see 
>endices  41  and  42,  Report  of  the  Cliief  of  Ordnance,  18S3),  seemed  to 
rant  the  belief  that  the  opinion  so  expressed  was  correct,  and  these 
ps,  contracted  for  September  20, 1883 ;  and  those  for  an  8-inch  steel 


A 


"Tositian  of  inaide  tpeeanm^ 
—JP&m^ian  cf  puUt3lfi  ^petEnefi^ 
—Jhaition  of  middle  fpeeAnm^ 

icb  loading  rifle,  contracted  for  about  a  month  later,  were  conse- 
Qtly  required  to  be  oil-rempered  and  subsequently  annealed.  A  lack 
iniformity  shown  in  the  experimental  oil-tempered  hoop  referred  to 
ce,  was  explained  by  the  Midvale  Steel  Company  to  be  probably  due 
known  unequal  heating  in  the  annealing  after  oil-tempering,  which 
r  expexst^ed  to  prevent  in  any  further  work  by  the  aid  of  new  and 
e  suitable  furnaces.  The  degree  of  uniformity  attained  in  the  man- 
iture  of  the  hoops  will  be  seen  by  an  examination  of  the  following 
es,  giving  the  results  of  the  tensile  tests  of  the  metal, 
he  Midvale  Steel  Company's  method  of  manufacturing  large  rolled 
-hoops  is  essentially  the  same,  up  to  the  point  of  tce^t\xx^ii\.\\i  <^^ 
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as  the  method  of  manafacturing  large  locomotive  tires.  Special  heats 
of  open-hearth  steel  are  run  for  the  purpose,  the  chemical  compositioa 
being  as  nearly  like  as  possible.  Care  is  taken  to  have  the  metal  used 
free  from  any  defects.  After  they  have  been  rolled  the  hoops  are  re- 
heated, oil- tempered,  and  afterwards  annealed,  the  degree  of  heat  in 
these  operations  depending  upon  the  chemical  composition  of  the  metal, 
the  results  obtained  in  the  test  of  a  ''  preliminary''  specimen,  the  size 
of  the  piece  to  be  treated,  and  the  physical  qualities  required.  Wh^ 
the  hoops  have  been  accepted  as  to  physical  qualities,  on  the  results  of 
the  Government  tests,  they  are  rough -finished.  The  Midvale  Steel 
Company  had,  until  they  undertook  the  manufacture  of  these  12-iDcb 
mortar-hoops,  rolled  tires  of  a  maximum  width  of  only  7.5  inches.  For 
these  hoops  and  for  the  rolled  hoops  for  an  8-inch  steel  breech-loading  rifle 
a  new  set  of  rolls  was  made,  having  a  height  of  9.5  inches,  which  deliv- 
ered hoops  about  9.25  inches  in  length  when  cold.* 

That  the  hoops  might  be  used  of  as  great  length  as  possible  in  the 
construction  of  the  mortar,  it  was  decided  by  the  Department  to  test 
only  a  limited  number  of  those  manufactured  (those  required  to  finish 9 
inches  long  in  the  above  table),  these  "  test  hoops  ^  to  be  so  selected  bj 
the  inspector  as  to  rejjresent  in  the  best  possible  manner  all  the  hoops 
of  the  lot.  The  specimens  for  test  were  either  slotted  from  the  edge  of 
the  hoop  or  taken  from  rings  of  metal  cut  from  the  edge,  as  shown  oo 
Figure  1. 

The  results  of  the  tests  of  the  specimens  made  at  the  Watertown  Ar- 
senal are  given  below.t 

*  Still  another  set  of  rolls  for  gun  hoops  is  now  being  manufactured,  desigDedto 
deliver  houps  to  finish  12  inches  long.  In  the  opinion  of  the  company's  officers tbi 
length  is  the  greatest  that  their  tire  mill  can  turn  out  without  danger  of  breakage. 

t  The  hammered  hoops  for  8-inch  steel  ritle  were  made  from  the  same  ingot^MtlN 
mortar  hoops,  so  the  results  of  the  tests  of  these  specimens  can  be  compared  with  tlw 
results  obtained  in  the  tests  of  the  hammered-hoop  specimens. 
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te  of  tensile  teste  of  tangential  specimms  from  rolled  steel  hoops  for  12-tncA  muzsle- 

loading  riflii  mortar. 


imen. 


a 

0 


3 
4 

f5 
t6 

:\i 
:i2 
:i3 


1 

2 
3 
4 
5 
6 

»l 

3  I 
4j 

5  : 

Ji 

3  I 
4 

5 

6  I 

V 

1 
2 
3 
4 

5  i 
6 

1 
2 
3 

4 
1 


PosiUon.' 


Iniiide  ... 
Oat«ide  . 
Inside  . . 
Outside  ■ . 
Middle  .. 
....do  .... 
Inside  ... 
Oatside.. 
Inside  . . 
OutAide.. 
Inside  ... 
Oatside  . 
Insidt*  .. 
Outride  . 
Inside  ... 
Outside . . 
Inside  . . 
Outside. . 
Inside  ... 
Outside 
Inside  . . 
Outside.. 
Inside  ... 
Outside.. 
Middlu  .. 
— do  — . 
Inside  ... 
Outside.. 
Inside  ... 
Outside . . 
Inside  ... 
Outside. . 
Inside  ... 
Outside.. 
Middle... 

...do 

Inside  ... 
Outolde.. 
Middle... 


Dimen* 
sions. 


3 

Q 


In. 
6 
6 
3 
3 
6 
6 
6 
6 
3 
3 
6 
6 
6 
8 
3 
3 
6 
6 
3 
3 
6 
6 
3 
3 
0 
6 
6 
6 
3 
3 
6 
6 
0 
6 
6 
6 
6 
6 
6 


a 


a 

o 
o 


>z^ 


o 

a 

£ 


So 


% 


a 
o 


a 

«  ^  • 


Pound*. 
63,000 
50,000 
63,000 
60,000 
65,000 
63.000 
63,000 
5»,000 
62,000 
58,000 
55,000 
59,000 
66,000 
66,000 
67,000 
62,000 
71,000 
68,  OdO 
68,000 
65,000 
68,000 
65,000 
71,000 
64,000 
57,000 
67,000 
72,  000 
72,000 
73,000 
73,000 
62,000 
54,000 
64,000 
50,000 
50,000 
60,000 
58,000 
54,000 
51,000 


b  dS 


Inch. 

.002033 

.001883 

.002200 

.001867 

.002183 

.002150 

.002033 

.001833 

.  001767 

.001967 

.001800 

.001933 

.002150 

.002166 

. 002133 

.002000 

.002180 

.  002183 

.002133 

.002100 

.002033 

.002067 

.002467 

.002000 

.001867 

.002250 

. 002167 

.002250 

.002333 

.002100 

. 001867 

. 001600 

.002000 

.001967 

.001567 

.  001467 

.001950 

.001750 

.001650 


o 

^« 
Hi 

9  C.V4 

H 


Pound*. 
116, 200 
112, 600 
112,000 
111,870 
112,080 
110,800 
109,000 
106,160 
107,240 
105, 510 
103, 400 
104,000 
111,000 
111,800 

118,  720 
116,200 

119,  600 
119.400 
112,000 
113, 200 
117,600 
112,000 
110, 460 
112,650 
108, 440 
114,  000 
117,410 
117, 810 
117,440 
118, 000 
113,000 
106, 720 
115,000 
110,320 
102,000 
105, 200 
108.960 
106,440 
102,000 


r 


Inch. 
.13 
.123 
.183 
.157 
.1267 
.1267 
.165 
.165 
.203 
.210 
.162 
.17 
.1433 
.15 
.1666 
.1733 
.1250 
.1267 
.18 
.1333 
.089 
.153 
.16 
.16 
.105 
.128 
.145 
.133 
.17 
.173 
.135 
.14 
.143 
.14 
.173 
.167 
.132 
.163 
.17 


P.ct. 

27.6 

27.6 

32.5 

26.4 

24.4 

27.6 

49.6 

444 

4&8 

48.6 

47.2 

49.6 

49.6 

36.4 

39.2 

30.8 

36.4 

30.8 

44.4 

1.^2 

33.6 

39.2 

35.4 

29.3 

33.6 

30.8 

43.7 

43.7 

47.2 

43.7 

33.6 

36.4 

33.6 

33.6 

36.4 

36.4 

36.4 

36.4 

39.2 


> 


Ok 
CO 


7.  K552 


7.8551 


7.8557 


7.8587 


7.8561 


7.8528 


7.8543 
7.8556 


7. 8539 
7.8558 

f  •  ow4o 

7.8524 


! 

a 

ct 

H 


27. 3S 


25.  a 


23.04 


23.44 


26.07 
26.99 
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Be9uU$  of  tensile  teeU  of  tangential  spedmene,  ^o. — Continned^ 


Specimen. 


ElongatiQiiB  per  inch  of  length  caoeed  by  the  undermentioned  loada. 


Ax 

▲x 

Ax 

Az 

Ax 

Az 

Ai. 

Ai. 

A, 

Ai. 

Ai. 

Ai. 

A* 

i: 

ii: 

Bz 

Bz. 

Bx. 

Bx 

Bx 

Bi  . 

11.  . 

Bi. 

Bi  . 

Bex 

Bex 

Bex 

Bex 

Bex 

Bex 

Bex 

Bex 

Bex 


a 

'A 


»    4rl 

a?. 


-l  — 


1 

2 
3 
4 

5 
6 
1 
2 
3 
4 
5 
6 
1 
z 
3 
4 
5 
6 
7 
8 
1 
2 
3 
4 
5 
6 
1 
2 
3 
4 
1 
2 
3 
4 

:  t5 
i  ♦« 

J12 

:i3 


.0U0383 
.  000450 
'.  000467 
|.  000133 
{.  000383 
1.  000367 
.  000433 
1.000433 
.000300 
. 000533 
. 000502 
.000500 
.  000467 

1.666400 
. 000367 
'.  000433 
.  000433 
'.000400 
.000433 
. 000333 
.000367 
.000567 
.  000333 
.  000400 
.000450 
.000383 
.000417 
.000333 
.000300 
.000367 
.000383 
.  000417 
.000400 
.00M17 
. 00033S 
.000467 
000450 
000417 


Inch. 
.000807 
000833 
00088:{ 
.000733 
000867 
000850 
i.  000867 
1. 000833 
'.  000733 
I.  000933 
1.000007 
.  000950 
'.  000806 
.000833 
.000833 
1.000833 
. 000833 
.000933 
.  U00800 
[.  000867 
I.  000«17 
..  000807 
i.  001067 
.000667 
.000833 
.  000900 
.000833 
.  000867 
.  000867 
.  000700 
.000833 
.000817 

.oooa'»o 

.000800 
.  000850 
.  0«0750 
.000933 
.000933 
.000867 


001150 
001217 
001167 
001067 
001200 
0011^3 
001233 
001150 
001000 
00126; 
001317 
001250 
001230 
001083 
001200 
001167 
001133 
001233 
001 133 
001133 
001 lUO 
U01183 
001333 
001000 
001183 
001233 
001117 
001183 
001167 
000967 
001167 
001133 
001167 
001217 
001167 
001100 
001267 
001217 
001200 


Inch. 
001367 
001350 
001333 
001267 
001350 
0U1350 
001367 
001317 
001200 
001400 
001450 
001417 
OC1400 

001367 
001 3:» 
001283 
001417 
00 1300 
001367 
001217 
001333 
001567 
001 2r7 
001333 
001383 
001233 
001317 
001300 
001233 
001300 
001267 
001333 
001383 
001333 
001250 
001467 
001400 
001350 


Inch. 
.001500 
.00].'>33 
.001500 
. 001433 
.001533 
. 001500 
.  001.533 
.0014X3 
.0U1333 
.001600 
.001633 
.001567 
.001550 
.001500 
.001500 

0015.33 
.001467 

001567 

001433 

001500 

001417 
.001517 
.  001767 
.  001333 
.001533 
.  001550 
.001417 

001483 

001433 
.  001333 

001467 
.001433 

001500 
.001550 

001567 
.001467 

001600 
.001600 

001583 


Jnck. 

001683 
.001733 

001667 
.001600 
.  001700 

001700 

001700 
.001667 
.001533 
.  001767 
.001800 
.001733 
.001750 


.001733 
.001767 
.001616 
.001700 
.001600 
.001700 
.001583 
.001683 
.001833 
.  001400 
.  001733 
.  001733 
.001583 
.  001650 
.0U1667 
.001467 
.001617 
.001667 
.001683 
.  001750 
.004983 
.003233 
. 001767 
.001817 
.005083 


Inch. 

0017^3 

001767 

.001767 

.001667 

001733 

.001733 

001717 

.001683 

0016:)3 

001833 

.001900 

.001850 

.001783 


L  i 


.001767 
.OOIMK) 
. 001650 
. 001733 
.001667 
.  001733 
.  001600 
.  001717 
.001883 

0015.33 
. 001800 

001787 
.  (01600 
.0016H3 
.001667 
.001500 

001667 


.001700 
.  001817 


I 


.ooia'H) 

001900 
0O5717 


IntK. 
001867 
002000 
001033 
001867 
001867 
001933 
.001900 
.001950 
.  001700 
.  002267 
.  003807 
.  002017 
.(•01017 
.001833 
.001900 
'.  001933 
.  WU767 
.001867 
].  001767 
'.001900 
.  0017.% 
.001883 
.002100 
[.001667 
1. 0022.13 
.001917 
L 001717 
I.  001800 
;.  001800 
:.  001633 
.  001767 
..004483 
1.001833 
..002050 
'.008650 
'.006283 
1.002283 
1.004400 
!.  008633 


;7 


Inch, 

.002233 

.002550 

.0028.50 

.002767 

. 002183 

.0024X3 

.003033 

.006117 

1.003300 

.006467 

j.  007900 

01'6167 

002117 

0021)83 

002067 

002233 

001933 

002033 

002000 

002100 

001933 

002067 

002200 

002333 

003833 

002100 

001917 

002000 

.  u02ti00 

001800 

002467 

007838 

0020a3 

003317 

011867 

009433 

006267 

007533 

C11950 


,  JndL  hA, 
.064017  .M(7S 
.005333  .OW 
.0(6367  .eiM 
.006333  I  .«lll 
i.0U4O17  \.¥» 
,.005.150  !  .OM 

!.oorj5o  .«ia 

.010.150  .OISI 

.007967  .Om 

OlC6iiO     .0150 

.oi2<«o   .uia 

.010667  .eist 
.002963  .OOn 
.004500  j  .MM 
.002400  !  .OMI 
.004200  .0074 
.002150  I  .000 
.0024.'M  .0051 
.002600  I  .OM 
.003767  I  .M7S 
.002183  .0021 
.002950  !  .OOn 
.002433  i  .Vm 
.005000  .0«N 
.007583  ,  .0117 
.002700  .0186 
.  002083  '  .  0042 
.002167  .(MO 
.  0022UO  j  .  coil 
.002000  I  .0043 
.00.S517  '  .(MM 
.011533     .013i 

.003650  I  .oen 

.006817  ,  .Ol« 
.016133  .0311 
.013350  I  .eil 
.008333  >  .019 
.011306  .0141 
01^67     .491 


*  As  to  thiolcneas  of.  hoop,  i.  e.,  whether  taken  from  near  ymMa  or  ouUiA^  cironmferenoe  or  at 
of  thickne88.    The  axes  of  all  the  specimens,  except  where  noted,  were  about  three-foarthaof  aoiack 
from  the  face  of  the  hoop. 

t  From  the  second  ring  of  metal  cat  ftom  this  hoop ;  axes  about  1|  inches  ftt»m  inside  and  oBtadi 
surfaces  and  2  inches  fi*om  one  face. 

\  From  the  third  rin/;  of  metal  cut  from  this  hoop ;  axes  about  1|  inohes  ftom  inside  and  ontaido  •B^ 
aces  and  about  4(  inches  from  either  face. 
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AeraZte  of  eomprewion  tesU  of  tangential  apetimena  from  rolled  steel  hoopa  for  VMnch  muegU- 

loading  rifled  mortar. 


Si>ecimeii. 


From  hoop  mark- 
ed- 


Ax 

A,. 

A» 

Bx  . 

Bex 


u 

a 

s 


PosltiOD. 


Dimensions. 


7 
0 

10 
7 

14 


Middle. 

...do  .. 

..  do  .. 

do  .. 

Oiiteide 


Length. 


IneheM. 
12 
12 
12 
12 
9 


Diameter. 


Seotional 
area. 


1  129  inch- 
es. 


1    Bonare 
incn. 


per 
orig- 

«M 

■*»  o   . 

5  ®.2 

s  q:s 

■^  o 

o£S 

CS    ?C 

fS    9-p- 

M 

Pounda 

58,000 

65,000 

63,000 

55.010 

60,000 

"1 


JnM. 

.001870 
.002140 
.002110 
.001770 


Specimen. 


^Voni  hoop 
marked — 


8 


Ax 7 

A.  i  10 

Bx I  7 

Bex 14 


Compression  per  inch  of  length  caused  by  the  undermentioned  loads. 


H 
a?. 


JnM. 

.00045(1 
.0004M 
.000440 
.000440 


'3S 


« 


U00930 
000950 
000060 
000930 


a?. 


. 001260 
. 001270 
.  001280 
.001250 


-3| 

H 

p.*  . 


p  E 

o  o* 

p.*  . 

.001600 


incA. 

.001440 
.001420  i  .001610 
.  001450  :  . 001630 
. 001430     . 001690 


l2 


c  « 

H 


s 


Jneh. 

.  001770 
.001780 
.001800 
.  0U1770 


Inch, 

.  001820 
.001820 
.001830 
.001830 


S  b' 


9  9!  B 
8 


Inch. 
.001990 
.001960 
.001980 
.002130 


ft*   . 

3 


.002720 
.002140 
.  002300 
.003n0 


HAMMBBED  RINGS  FOB  A  WIRE-WRAPPED  TUBE  FOR  12-INCH  BREECH- 
LOADING  RIFLE. 

• 

These  rings,  three  in  ouniber,  were  25.75  inches  exterior  diameter,  and 
19.75  inches  interior  diameter,  one  being  5.75  inches  long  and  each  of  the 
others  1.25  inches  long,  roagh-finished  dimensions.  One  hammered  ring, 
9.75  inches  long,  was  made  from  part  of  a  15-inch  square  ingot,  oil-tempered 
and  annealed,  and  cut  up  for  the  three  hoops.  No  tensile  tests  of  the 
metal  were  made.  The  ingot  was  of  a  heat  of  metal  iix>ni  which  several 
^un-hoops  had  been  made,  and  a  tensile  test,  by  the  Midvale  Steel  Com- 
pany, of  a  specimen  cnt  from  a  hoop  taken  from  next  to  this  one,  in  the 
6ame  ingot,  and  similarly  treated,  showed :  Tensile  strength.  97,000 
pounds  per  square  inch ;  elongation  after  rupture,  24  per  cent ;  con- 
traction of  area,  49  per  cent.  It  is  believed  the  metal  in  the  hoops  would 
show,  in  tensile  tests,  about  the  standard  qualities  required  for  gun- 
hoops. 

HAMHERED    RINGS    FOR    REPAIR  OF  THE  6INCH    HASKELL    MULTI- 
CHARGE  GUN. 

These  rings  were  required  to  be  delivered  rough  forged,  to  finish  at 
least  16  inches  long  (17  inches  if  possible)  and  2^  inches  thick,  the  in- 
terior diameter  of  the  largest  to  taper  from  23f  inches  at  one  end  to  22.1 
inches  at  the  other  end ;  the  interior  diameter  of  the  second  to  taper 
from  20^  inches  at  one  end  to  19^  inches  at  the  other  end,  and  the  inte- 
rior diameter  of  the  third  to  taper  from  17^  inches  at  one  end  to  16^ 
inches  at  the  other  end.  The  rings  were  forged  very  nearly  to  the  shape 
and  dimensions  required,  with  the  usual  allowance  of  metal  for  finishing, 
and  were  oil-tempered  and  afterward  annealed. 
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"No  tensile  tests  of  the  metal  were  made,  bat  from  the  test  of  a  speci- 
men cut  from  a  ring  made  from  one  of  the  ingots  from  which  these 
rings  were  made,  and  similariy  treated,  it  is  believed  the  metal  is  of  the 
standard  qualities  required  for  gun-hoops. 

ROLLED    AND    HAMMERED    HOOPS    FOR    AN    8-INOH    STEEL    BREECH- 

LOADING  RIFLE. 


The  dimensions  of  these  hoops  were  as  follows,  viz : 


Number 

Exteri- 

of 

or  diam- 

hoops. 

eter. 

Jnehet. 

8 

26.3 

4 

2&3 

1 

30.0 

4 

31.5 

1 

31.5 

1 

31.5 

4 

31.5 

1 

25.8 

2 

25.2 

1 

25.2 

3 

19.8 

1 

19  8 

4 

20.5 

1 

20. 75 

Interi- 
or diam- 
eter. 


Inchet. 
22.0 
22.0 
22.0 
20.3 
26.3 
26.3 
26  3 
19.8 
19.8 
19.8 
15.75 
15.75 
15.75 
15.75 


Length. 


Inchu. 
8.25 
9.00 
8.50 
8.25 
8.50 
8.00 
9.00 
9.84 
9.84 
9.00 
7.84 
9.00 
&25 
9.00 


Remarke. 


Boiled. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 
Hammered. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 


The  hoops  to  be  rough  finished,  allowing  one-eighth  of  an  inch  on  a 
side  over  these  dimensions;  the  physical  qualities  to  be  the  same  as 
required  for  the  12-inch  mortar  hoops,  and  the  same  plan  to  be  foBoved 
in  testing. 

The  rolled  hoops  were  made  in  the  same  manner  as  those  for  the  12- 
inch  mortar.  The  manufacture  of  the  hammered  hoops  differs  from  that 
of  the  rolled  hoops  in  that  the  operation  of  rolling  is  omitted  and  the 
required  dimensions  are  obtained  as  nearly  as  possible  under  the  ham- 
mer. The  hoops  are  oil-tempered  after  they  come  from  the  hammer,  and 
from  this  point  the  operations  of  manufacture  follow  as  for  rolled  hoops. 

Below  are  given  the  results  of  the  tests,  with  the  United  States  test- 
ing machine  at  Watertown  Arsenal,  of  the  specimens  from  these  8-inch 
rifle  hoops. 


EEPOET  OP  THE  CHIEF  OP  OHDKANCE. 


42.5 


t8  oj  tenHle  te$U  of  tangential  gpecimena  from  hammered  and  rolled  eteel  hoops  f&f 

8-iiieA  breech- loading  rifle. 

SPECIMENS  FROM  HAMMERED  HOOPS. 


men — 

Position.* 

Dimen- 
sions. 

1 
1 

H 

a  Z 
u  a 

Km 

il 

a© 

H 

Poiindf. 
67,000 
65,000 
66.000 
63.000 
65,000 
59,000 
60,000 
64,000 

Elonsation  per  iucb 
under  strain  at  elas- 
tic limit 

it 

III 

as* 
§11 

H 

Pounds. 
117,400 
116,660 
115. 160 
115,880 
114,480 
100,800 
111,600 
113,440 

Elongation   per  inch 
after  rupture. 

Reduction  in  area  after 
rupture. 

• 

1 

o 

QQ 

J 

6 

a 

1 
2 
3 
1 
2 
8 
1    3 
4 

• 

.a 

I 

In. 
6  I 
3 
6 

S; 

6  1 
6 

6 

1 

1 

• 

a 
"S 

o 

§ 

• 

•  • 

Inside 

Outside 

Middle 

Inside 

Outside 

Middle 

do 

....do 

• 

a 

• 
O 

s?. 

• 

o 

Inch. 
.002100 
.002167 
.002066 
.002050 
.002033 
.001916 
.001883 
.  002116 

Inch. 
.123 
.157 
.187 
.100 
.167 
.120 
.143 
.118 

P.et 
30.2 
33.6 
39.2 
36.4 
39.2 
36.4 
39.2 
36.4 

7.8676 

24.12 

' 

7.8616 

•  *  «  >   ■       ■ 

'  7.8549 

23.70 
'26.' 51 

SPECIMENS  PROM  ROLLED  HOOPS 


1 
2 
8 
4 
5 
6 
5 
6 
1 
2 
1 
2 
3 
4 
5 
6 
1 
2 
3 
!  4 
1 
2 
1 
2 
3 
4 
1 
2 
3 
4 


luside 

Outside.... 

Inside 

Outside . . . . 
Middle  .... 

...do    

....do 

.do    

Inside 

Outside 

losidvt 

Outaide 

Inside 

Oatside  . . . 
Middle  ... 
. .  .do ...... 

Inside    

Outside 

Inside 

Outside 

Inside    

Outotde.... 

Inside    

Outside  ... 

Inside 

Ootaide.... 

Inside    

Outside.... 

Inside 

Outside.... 


6 
6 
3 
3 
6 
6 
6 
6 
6 
6 
6 
3 
6 
3 
6 
6 
6 
6 
3 
3 
6 
6 
6 
6 
8 
8 
6 
6 
3 
8 


o 

a 

c 
o 


.£3 

o 

a 


CI 


62.000 
62,000 
65,000 
66,000 
62,000 
59,  000 
63,000 
63,000 
64,000 
67,000 
60,000 
63,000 
59.000 
56,000 
62.000 
58,000 
58,000 
55,000 
61,  (^ 
60.000 
65,000 
61.000 
67.000 
62,000 
65,000 
70,000 
50,000 
50.000 
57,000 
54,000 


.001783 
. 002017 
.002067 
.001067 
.002050 
.001950 
.002117 
.  002U83 
.002017 
.002133 
.001850 
.002100 
.001916 
.001766 
.002133 
.001983 
.001833 
.001700 
.001833 
.001933 
.002000 
.001967 
.002150 
.002016 
.002166 
.002300 
.  001917 
.001850 
.001700 
. 001733 


107,280 
107,200 
105,200 
109.240 
105,  160 
105,  460 
105. 120 
108,  640 
109.280 
1  8.000 
108,400 
108.000 
108,600 
74,000 
104,600 
107.6*1 
103.280 
101,840 
104,860 
104,000 
114,000 
112,000 
113,600 
110,000 
108,920 
111.160 
102,880 
104,440 
102,960 
100,000 


.1317 

41.9 
41.9 
52.2 
44.6 
54.6 
44.6 
.47.2 
41.9 
52.4 
56.8 
39.2 
39.2 
27.6 

0. 

8.4 
30.6 
.-^9. 2 
.'19.2 
39.2 
39.2 
33.6 
27.6 
30.2 
39.2 
39.2 
30.2 
47.2 
39.2 
41.9 
44.6 

.1667 

.1933 

.1767 
.1533 

.  14r> 

.1433 

.1817 

.140 
.153 
.150 
.166 

7.8631 
"7.'8598 

23.30 
25.' ii 

.115 

.010 

..•••••- 

.0583 

.115 

.160 

.1567 

.1867 

....... 

.1867 

.103 

.147 

i.'Mis' 

'24.'2i 

.118 
.110 

7.8564 

26.88 

.167 

.150 

.140 
.1317 

.1933 

.1767 
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Results  of  teneile  Uata  of  tangential  npecimene,  tfc. — Continaed. 
SPECIMENS  FROM  HAMMERED  HOO PS-Continued. 


Specimen— 

ElongationB  per  inch  of  length  CAmed  by  the  andennentioned  loada. 

f. 

^t 

c  o 

«  «D 

•  « 

C  9     /  09  «       •  « 

«  9 

.5  2 

•=g  ;■§£ 

•c  «- 

'O  t 

•O  fe 

-O  2    1  T3  *i 

•o  •- 

•C  t; 

• 

It 

§1 

H 
a?. 

eg* 

a  * 

2§ 

a  ^ 
5  2" 

a.*  .  it"  . 

SB 

JO 

a 

0 

ill 

,000 
per 
inch 

ill 

St-? 

8li 

,000 
per 
inch 

"si 

h 

^ 

/ncA. 

« 

^ 

Inch. 

Ineh. 

/ncA. 

s 



IncK 

Inch. 

Ineh. 

Ineh. 

Ineh. 

Ineh.  JnA. 

C4 

1 

.000467 

.000900 

.  001233 

.001350 

.001517 

.001683 

. 001733 

.001867 

.002033  .002633  .OM 

C4 

2 

.OOMSa 

.000930 

.001200 

.  001366 

.001533  .001667 

.  (HJ1733 

. 001900 

.002167 

.004833  .OOQ 

C4 

3 

.000333 

. 000816 

.001150 

.001300 

.001466  .001633 

.001658 

.001810 

.  002016 

.005000  .»m 

Cx 

1 

.000500 

.001017  .001267 

.001417 

.001617  .001750 

.001800 

. 001950 

.002183 

.003400  .<WS 

Cx.  .. 

2 

.  000433 

.000933 

.  U01233 

.  001367 

.001467  .001633 

.  001733 

.001H33 

.002033 

.004433  \.<m 

Cx 

3 

.U0046(i 

. U00900 

.  0U125U 

.  001400 

.  001583  . 001766 

. 001816 

.0020.50 

.004150 

.007633  .013 

Dx  .. 

3 

.000416 

.000866 

. 001200 

.001366 

.001550  .001700 

. 001750 

.  0018*i3 

.003700 

.ooaK>3  .eiM 

Dx... 

4 

.000433 

• 

.  000916 

.001250  .001400 

.001583  .001750 

.  001816 

.001950 

.  002216 

.005116  1  .WT 

SPECIMENS  FROM  ROLLED  HOOPS. 


Ax.... 

1 

. 000417 

.  000833 

.  001150 

.  001300 

.  001467 

.001617 

.001633 

.  oon.w 

Ax  .. 

2 

.000450 

. 000900 

. 001220 

,001367 

.C01550 

.  001733 

. 001767 

.  (K}1933 

Ax  ... . 

3 

. 000367 

.  000833 

.  001067 

.  0t)1333 

.  001.500 

.001667 

.  (H)170t) 

.001833 

Ax  .... 

4 

. 000333 

.000767 

.  0010.^3 

.001200 

.  001.167 

.001500 

. 001533 

.001700 

Ax.... 

5 

.000467 

\  000950 

.001300 

.  001467 

. 001633 

.001800 

.001817 

.001983 

Ax.... 

6 

.000467 

.000950 

.  001283 

.  001433 

. 001617 

.  001767 

.001850 

. 002017 

A. 

5 

.000467 

.0009CO 

.  001250 

.001417 

.001600 

.001783 

.(HH817 

.001967 

A. 

6 

.000450 

.0(H)933 

.  OOrifiO 

.001417 

.001583 

. 001767 

.001800 

.002000 

A. 

1 

.000467 

.000933 

.  001233 

.001383 

. 001533 

. 001700 

.001733 

.001883 

A«.  .. 

2 

.000433 

.000917 

. 001233 

.  001400 

.001517 

.0016t>3 

.001750 

.  0IU867 

Ant... 

1 

.  000416 

.  000866 

.  0012(M) 

.  001333 

.  001500 

.  00168.) 

. 001767 

. 001850 

An 

2 

.  000366 

.000883 

.001166 

.  001300 

.  001433 

.01*1633 

. 001733 

.001900 

An.... 

3 

.000416 

.000883 

.001286 

.  001383 

.001566 

.001733 

.001800 

. 002030 

An 

4 

.000366 

.000866 

.  001200 

.  001333 

. 001533 

.  001700 

.001766 

.002200 

An.... 

5 

.000433 

.000900 

.  0012.50 

.001400 

.00158.3 

.001767 

.001800 

.  002017 

An... 

6 

.000467 

.000950 

.001283 

.001433 

.001617 

.001800 

.001883 

.002150 

Bx 

1 

.000417 

.  000850 

.001167 

.  001333 

. 001517 

.001717 

.001750 

.  002100 

Bx 

2 

.000383 

.  000817 

.001150 

.001333 

.001517 

. 001700 

.001767 

.  002867 

Bx 

3 

.000367 

.000833 

.001167 

.  001333 

. 001533 

. 001700 

.001733 

.001900 

Bx 

4 

.000367 

.  000833 

.001200 

.  001333 

. 001533 

.001667 

.  001733 

.001933 

Bi 

1 

.000400 

.000900 

. 001200 

.  001300 

.001500 

.001650 

.001683 

.001817 

B« 

2 

.000400 

.000900 

.  001267 

.  001350 

.001500 

.001683 

.  001733 

.001900 

B« 

1 

.000433 

.000900 

.001233 

.  001383 

.001550 

.001700 

.001750 

.001833 

Bs 

2 

.000416 

.000900 

.001250 

.001400 

.001566 

. 001733 

.001766 

.001933 

Bt 

3 

.000333 

.000866 

. 001200 

.  001333 

.OOIMK) 

.001700 

.001786 

.001900 

Bt 

4 

.  000333 

.000833 

.001167 

.  001300 

. 001467 

. 001633 

.001666 

.001833 

B«.  . 

1 

.000450 

.000900 

.001250 

.001417 

.001600 

.001750 

.001833 

.002000 

B4.... 

2 

.000367 

.000833 

.  001183 

.001333 

.001500 

.001667 

.001733 

.  001917 

B«  ... 

3 

.000367 

.000767 

.001100 

.  OOl.'tOO 

.001433 

.001633 

.001667 

.002233 

Bi 

4 

.000400 

.000867 

. 001200 

.001333 

.  001567 

.001867 

.002000 

.003433 

.002150 
.002850 
.002067 
.001933 
.002483 
.004717 
.002433 
0022.33 
.  002067 
.002050 
.002400 
.002433 
.0413166 
.004566 
,002733 
.003800 
.005270 
.007033 
.003133 
.003767 
.002000 
.002450 
.002083 
.002266 
.002166 
.002000 
.0032^3 
.002833 
.005433 
.007533 


'.  005100 
.006967 
.O0e3M> 
{.004167 
1.  WHiSO 
L  008800 
'.0l'665d 
1.004950 
1.002600 
-.004000 
j.  005500 
1.005633 
.006000 
.008766 
'.(K)6367 
1.008000 
'.009850 
.011480 
i.  008300 
'.008467 
1.002717 
.005117 
.002383 
1.003666 
1.003800 
'.002300 
;.  008033 
1.007333 
1.010207 
;.  012233 
I 


.9m 

.(or 

.ol» 
.909 

.1'13! 
.6112 
.OM 
.VTA 


.Mff 


.our 

.«!• 

.fia 
.m 
.m 

.m 

.m 

.m 

.OIS 
.MIS 


*  As  to  thickness  of  hoop,  i.  «.,  whether  taken  ft^m  near  %f%nd4  or  ouUids  oironraferenoe  ««(■>': 
die  of  thickness.  The  axe«  of  all  the  speciinens  were  about  three-fonrths  of  an  inch  from  ths  be*" 
the  hoop. 

t  This  hoop  rejected. 
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BenUU  of  comprestiou  testa  of  tangential  apeoimena  from  hammered  and  rolled  eteel  hoope 

for  ii-inch  brtech-loading  rifle. 

SPSCIHEKS  FROM  HAMKERSD  HOOPS. 


Speeim 


From  hoop     ;  Kam- 
marked-*        ber. 


C4. 

Cx. 


4 
4 


Pocition^ 


Middle 
...  do  . . 


Dimeneions. 


Lenf^th.  |  Diameter. 


Sectional 
area. 


Inehea. 


\    1.132 
;  >  incliee. 


{ 


11.007  sqnareC 
\     inches.     { 


Elastic  limit 
per  square 
inch  of  origi- 
nal section. 


Pounda. 
00,000 
60,000 


Compression 

per  inch 

under  strain 

at  elastic 

limit. 


Inch. 
.002100 
.001987 


Specimen — 


From  hoop 
marked — 


Nnm' 
ber. 


C4. 

Cx 


4 
4 


Compression  per  inch  of  length  caused  by  the  undermentioned Joads. 


o 

6. 


tn 


U3 


Inch. 
.000467 


Inch. 
.001367 


.  000400  I.  000883   .  001250 


o  as  5i 
•A 


C 
•C 

s 

f 


t 
I 


Inch.      Inch.      Inch. 

.001533  .001750  .001  MM) 
001417  .001617  .001800 


p  •> 

p.*  . 


ft*  . 
8^ 


JncA.    j  ineA. 
001933  '.002100 
001817   .001967 


JncA. 

.002500 

.006050 


SPECIMENS  FROM  ROLLED  HOOPS. 


Specimen — 


From  hoop 
marked — 


K«m. 
ber. 


As 


8 
4 
3 

4 


Dimensions. 


Position. 


Length.     Diameter. 


Sectional 
area. 


Middle 
— do  . . 
, ...  do  . . 
. . .  do  . . 


Inehea. 
9 
9 
9 
9 


1.129 
inches. 


I 


I.O 

square 

inch. 


Bisstiti  limit 

pe.r  square 

inch  of  oriffi- 

nal  section. 


'Elastic limit  not  well  defined ;  probable  elastic  limit  giren. 


Compresftion 
per  inch 

under  strain 

at  elastic 

limit. 


Pounda. 
65,000 
63,000  : 
61,000  I 
58,000* 


Ineh. 

.002050 
.002000 
. 001900 
.001833* 


Specimen— 


From  hoop 
marked— 


Kom 
ber. 


As 

Bfl 
Bt 


3 

4 
8 

4 


Compression  per  inch  of  length  caused  by  the  undermentioned  loads. 


0   P- 


&' 


U 


Inch. 

000400 
.000438 
.000400 
.000433 


i§ 


& 


8. 

o  So 

s 


Ineh. 
.000667 

000867 
.000883 


§1 
III 

5 


Ineh. 
.001167 
.001234 
.001200 


000050  . 001233 


s 


M 


Ineh. 
.001383 
.001883 
.001888 
.  001433 


^g 

§.sr 


s 


Jfi«A. 

.  001517 
.001533 
.001533 
.001600 


a?. 

o  ?:  a 


s 


/ndk. 

.001683 
.001700 
.001700 
.001733 


S.! 


S 


X9 


JficA. 

.001700 
.  001717 


Ineh. 
.001850 
.001867 


001783  i.  001867 
.001767  i.  001917 


Oi* 


9   ^ 


8 


JnsA. 

.002056 
.002100 
.00228f 
.002538 
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FOBGINGB  FOB    THE  BREECH  MECHANISM  OF    12-INCH,  10-INGH,  Aim 
8INCH  BREECH-LOADtNG  RIFLES  AND  CASTINa  FOB  10-INCH  BIFLB. 

The  rough  finished  dimensions  of  these  forgings  were  s^  follows,  viz 


Nature  of  piece. 


12*inch  breech  blocks 

10-incb  breech  blocks 

8-inch  bi-ce.h  block 

1 2-inch  spindles 

10-inch  spindle 

8-iDch  spindle 

12-inch  leveni  

10-iuch  lever 

Hammerd  ring 

Do  '^ 

Sleeve  casting 


Exterior 
diameter. 

Interior 
diameter. 

Jnehea. 
15.75 
13.75 
11.5 
514.0 
i   4.75 
J 11. 5 
{    4.0 
C10.0 
{    3.25 
15.0 
13.0 
41.0 
36.25 
38.25 

Inehet. 
3.25 
2.50 
2.0 

2a  38 
31.25 
35.73 

Length. 


Inehs». 

22.0 

20.25 

21.75 
4.0 

26.0 
3.5 

24.0 
3.5 

2L75 
1.38 
L25 
1.25 
L25 

27.0 


Bemsrka. 


With  prqJMtioni. 

Exterior   sufKc* 

Joiaed  by  be^eL 

Do. 

Withprqisdka 
Do. 


The  physical  qualities  of  the  metal  to  be  as  follows : 

For  breech  blocks  and  spindles : 

Elastic  limit  per  square  inch tons..  22t4)5& 

Teusile  streDi^th  per  square  inch do. .-  4&to5(^ 

£longatiou  after  rupture per  cent . .  li 

For  levers* : 

Tensile  strength  per  square  inch tons..  35 

£Iongation  after  rupture per  cent..  80 

For  rings : 

Elastic  limit  per  square  inch tons..     25^2 

Tensile  strength  per  square  inch do...  45to5(> 

Elougation  after  rupture per  cent..  15  to 2^ 

For  the  sleeve  casting: 

Elastic  limit  per  square  inch tons..  18  to 39 

Tensile  strength  per  square  inch do...  40to4S 

Elongation  after  rupture per  cent . .    over  10 

Work  on  this  contract  had  at  the  end  of  the  fiscal  year  proceeded 
as  far  as  the  forging,  oil-tempering,  and  annealing  of  the  breech  blocks^ 
spindles,  and  levers,  and  casting  the  sleeve. 

The  breech  blocks  and  spindles  were  forged  from  30-inch  square 
ingots ;  before  oil-tempering,  the  breech  bloclM  were  rough  bored.  The 
levers  were  forged  from  a  15-inch  square  ingot. 
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The  resalts  obtained  iu  tensile  tests  of  specimens  from  three  of  the 
[)reech  block  and  one  of  the  spindle  forgings  are  given  below : 

R»uU$  of  tensile  UsaU  of  tangential  apecimena  from  forginga  for  breech  blooka  and  apindle. 


Specimen 
from — 


0-ioch  breech 
block. 

Do 

S-lnch  breech 
block. 

Do 

Do 

Do 

t-inch  spindle. 

Do 


Position. 


Middle  point  of  axis  3 

inches  from  axis  of 

bluck. 

Near  exterior 

Middle  point  of  axis  3 

inches  from  axis  of 

block. 

Near  exterior 

Middle  point  of  axis  3 

inches  from  axis  of 

block. 

Near  exterior 

From     head,     middle 

point  of  axis  3  inches 

from  axis  of  block. 
From    head,  near   ex- 

terior. 


Dimen- 
sions. 


a 


In, 
3 


3 
3 


3 
8 


3 
3 


a 


flB 

a 
o 


u 


\i\\>l\ 


jx 


m 
N 


2g 

cs  O 

u  • 
^« 
"  © 

■*•  *^ 

W.9 


Lbt. 
50.000 


ji  it 


t^  ■ 

o 

ex  O 


a  fl  o 


Inch. 
.001700 


98,840 


57,000.001967  {10 1,360 
48,  000!.  001467   94,720 


57,000 
49, 000 


a 

-i 


E  •? 


o  a 


il 


•5: 

cB 
o 

I 

CO 


3 


/nc/i.  \P.e. 

.  1767  33. 5  7. 8625!21. 17 


.2033  41.9 
.  1733  3G.  4 


.001600100,800'  .150   33.5 
.001567;  97,000   .1567139.2  7.8610 


58,  000 .  001800  102,  5601  .  1867  41. 9  . 


52, 000 
50,000 


.  001667 


001467 


102,  600 


96,240 


.0907 

< 

.210 


15.  0  7.  8068 


41.9 


19.93 


20.82 


Specimen  from — 


¥-iDch  bieecb  block 
\yo 

t-inch  breech  block 
i»o 

Do 

2-iiich  spindle 

Do 


Elongations  per  inch  of  len 

5  ^ 

pounds 
sqnare 

1 

pounds 
square 

c  9 
0  c 

0-*  . 

15,000 
per 
inch 

30,000 
per 
inch 

35  000 
per 
inch 

Ill 

Inch. 

Inch. 

Inch. 

Inch. 

.000600 

.  000067 

.061133 

.  001300 

.000400 

. 000933 

.001067 

.001233 

.  O00.'{00 

.  0U0H33 

. OOIUOO 

.001133 

.000067 

.  ooo.-se? 

.  O0O8OO 

.  0009;i3 

.  0004:{3 

.000933 

.001100 

.001233 

.000433 

.  001)933 

.  001 067 

. 001200 

.000400 

.  0()09:{3 

.001067 

. 001233 

.000333 

.  000733 

.000933 

. 001100 

OS  ® 

s  0 
ft* 


tfi 


m  9 
A*  . 

ilJ 

00 


JncA. 
. 001433 
.  001400 
.001367 
.  001100' 
.  001400; 
.001333 
.001400 
. 001267, 


Inch. 
. 001600 
.  001500 
.001467 
.001200 
. 001533 
.  001433 
. 001500 
. 001367 


CO  V 

ft*  . 
3 


==  2. 
o  0* 

ft*.  . 

•A 


ft*  . 
S 


,  IB  S 

a  S 

I  c  5* 
!  ft* 


JncA. 

.001700 

.001567 

.001707 

.0Ol3iK) 

.001667 

.001500 

.  001600 

. 001467 


Inch. 
.  OOIMOO 
.001800 
.  003333 
.001533 
.  004607 
.001667 
.  002067 
.  002267 


Inch. 

.  00.'i833 
. 00i333 
. 0U84O0 
.001033 
.  OOHrAM 
.0011*67 
.004100 
. 0ub300 


Inch. 
.0102 
.00.'4 
.0124 
.0050 
.0125 
.0036 
.0076 
.0109 


*  The  specimens  were  cut  from  disks  (slices)  about  1|  inches  thick,  taken  from  an  end  of  the 
•OTj^oga. 

On  the  contracts  for  rolled  hoops  for  12-inch  breech-loading  rifle  and 
or  rings,  forgings,  and  casting  for  10-inch  wire-wound  steel  rifle  no 
'ork  had  been  done  up  to  the  end  of  the  fiscal  year. 

The  size  of  the  rolled  hoops  for  12  inch  rifle  made  special  preparations 
^r  their  manufacture  necessary.  The  time  has  been  occupied  in  mak- 
^  these  preparations. 

The  press  of  other  work  prevented  anything  being  done  under  the 
^ntract  for  parts  of  10-inch  wire- wound  steel  rifle. 
3elow  will  be  found  a  table  showing  the  effect  of  annealing  or  of  oil- 
'npering  and  subsequent  annealing  on  several  steel  pieces  manufact- 
•^^by  the  liidvale  Steel  Company  for  the  Department.  The  results 
Ven  are  from  test«  made  by  the  company.  It  is  to  be  regretted  that 
^«ir  testing  machine  does  not  determine  the  elastic  limit.    Th<^  CQX\i.> 
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pany  expect  during  the  present  summer  to  put  up  a  Fairbank^s 
macbine  of  150,000  pounds  capacity,  which  will  determine  this  phjsiea} 
property. 


Natare  of  pioce. 


Tube  for  8.2-inrli  rifle 

Tube  for  8-inch  converted  rifle. 
Jacket  for  3.2-incb  rifle , 


Reeulte  of  test  before 
treatmenL 


Treatment. 


a 
t 


9  a 


Hanunf^red  boop  for  8-inch  rifle. 

Do 

Rolled  hoop  for  8-inch  nfle 

KoUed  hoop  for  12-inch  mortar. . 

Rolled  hoop  for  8-inch  rifle 

Hammered  hoop  for  8-inch  rifle . 
Breoch  block  for  12-inch  rifle. . . 
Breech  block  for  10-1noh  rifle. . . 

Lever  for  12-incb  rifl« 

Spindle  for  12inch  rifle  

Do 

Boiled  hoop  for  10 -inch  rifle 


Annealed 

..  do 

Oil  t'empered  and 

annealed. 
...do 


...do 

....do 

...  do 

...do 

...do 

..do 

— do 

...do 

...do 

..  do 

...do 


•  c 


S3     .      fflvM 


a- 


Poundt. 

100,500 
80.400 
95,068 

88.900 
94,100 
89,500 
97,500 
89.000 
97,000 
88.133 
84,880 
88,400 
103, 813 
95.820 
85.780 


el    . 

£ 


Inch. 
.10.5 
.090 
.125 

.205 
.195 
.215 
.210 
.185 
.220 
.115 
.240 
.200 
.055 
.130 
.220 


a  »- 

-    S 

O    IB    M 


Beaolta  of  teat  after 
treaUaent 


fO  9  ^ 


C   O 


w 


•a  ■• 


Peret. 

15.6 

8.0 

13.0 

33.0 
32.0 
31.0 
28.7 
27.0 
28L0 
12.0 
41.0 
37.0 
6.2 
18.0 
34.0 


Potmds. 

87,700 

71,500 

102.900 

106,600 

102,000 

100,200 

107.000 

107,000 

106,000 

97,720 

94,880 

86.920 

97.500 

94.700 

101. 160 


It- 

Pi 


ifidL  Peret 


.160 
.256 
.145 

.175 
.205 
.175 
.180 
.190 
.200 
.150 
.200 
.240 
.175 
.190 
.190  I 


&» 
Si» 
ISlI 

4L» 
311 
4LI 

3i» 


In  January,  1884,  parts  of  the  ring«  of  metal  cut  from  12-inch  morUr 
hoops  A  5  and  Bex  were  straightened  and  tested. 

The  object  of  this  experimental  work  wa«:  (1)  To  compare  the  re- 
sults obtained  in  the  test  of  these  straightened  specimens  with  tho^e 
from  the  tangential  specimens  tested  for  the  approval  of  the  pfaysid 
qualities  of  the  metal ;  and  (2)  if  it  was  found  that  the  operatioD  of 
straightening  was  so  performed  as  to  give  reliable  results,  to  determioe 
the  question  of  the  advisability  of  using  large  straightened  speeimen} 
to  determine  the  physical  qualities  of  the  met.al  instead  of  the  shon 
tangential  specimens. 

By  straightening  a  portion  of  a  ring  of  metal  from  a  hoop,  cut  off  be 
fore  rough  finishing,  one  dimension  of  the  cross  section  of  the  specimei 
could  be  made  the  same  as  the  thickness  of  the  finished  hoop,  and  te«t 
of  the  specimen  would  thus  show  the  true  physical  qualities  of  tk 
whole  hoop  better  than  the  short  tangential  specimens,  provided  tli( 
straightening  process  did  not  injure  or  change  the  metal  in  any  way. 

The  pieces  of  rings  were  straightened  slowly  under  the  hammer bj 
pressure  only  and  at  as  light  a  heat  as  possible.  After  cutting  taD|efi- 
tial  test  specimens  from  the  first  and  second  rings  taken  from  hoopBeXt 
42.4  inches  exterior  diameter  and  35.1  inches  interior  diameter,  there 
remained  four  pieces,  two  from  each  ring,  each  about  50  inches  long  90^ 
1.5  inches  thick.  These  pieces  were  heated  lightly  and  placed  under  the 
9-ton  hammer  several  times ;  the  pressure  had  little  or  no  straigbteninf 
eflfect,  however,  until  they  were  heat-ed  to  redness  as  seen  in  the  shop 
building.  As  it  wa«  thought  possible  that  the  temper  of  the  metal  migbt 
have  been  drawn  somewhat  in  this  operation  one  of  the  pieces  from  cAcb 
ring  wa«  retempered  and  annealed  just  sufficiently  to  restore  the  sap- 
posed  loss  of  tem|)er.  These  pieces  were  used  for  extension  specimeDS, 
being  finished  and  tested  at  VVatertown  Arsenal. 

After  cutting  tangential  specimens  from  the  ring  taken  fmm  hoop 
A  5  there  remained  ©•p\ecfe«Xio\3L\»V^\\iOaft^\a\i^  and  1.2  inches  thick;  this 
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was  straightened  in  the  same  manner  as  the  pieces  from  hoop  Bex  and 
not  retempered.  It  was  used  for  two  compression  specimens,  being  fin- 
ished and  tested  at  Watertowu  Arsenal.  A  sammary  of  the  results  ob- 
tained in  the  test  of  these  straightened  specimens  is  given  below.  The 
results  were  very  unsatisfactory,  being  very  low,  and  the  bars  not  of 
uniform  quality  throughout,  as  shown  by  the  records  of  the  several 
gauges.  The  metal  had  evidently  been  injured  or  changed  in  straight* 
ening  or  by  the  heat  employed  for  that  oi>eration. 

Bmults  of  tesU  of  apeciinens  frovi  straightened  ringi  taken  from  rolled  steel  hoops  for  12- 

inch  mortar. 

TENSION  TESTS. 


Specimen  from 
koop  marked — 


Position. 


Bex. 


Bex 


From  first  ring  out  from  hoop 


do 


From  second  ring  out  from 
hoop. 


.do 


Dimensions. 


Length. 


Cross- 
sectiun. 


JneheM. 
80 

30 

80 

80 


Jnehes. 
2. 8  X  1. 25 

2. 8  X  1. 225 

2.8x1.438 

2. 8  X 1. 479 


Elastic 
of  onginal 


area. 


Sq.  in. 
3.5 

3.43 

4.03 

4.14 


section. 


Poundt. 
45,000 
40,000 
47,000 
40.000 
41, 400 
40,00U 
47,000 
50,0<H) 
50,  000 
41,000 
42,000 
42,  OOU 


ElongatioA 
per  inch 

under 
strain  at 

elastic 

limit. 


Jneh. 
.001490* 
. 00162U 
.001560 
.001387 
.  001327 
.001827 
.00156^ 
. 001810 
.001880 
.001370 
. 001430 
.  001413. 


Spocimen 
from  hoop 
marked — 


Position. 


(  From  first  ring  eat 
(     from  hoop. 


} 


.do. 


(  From  second  ring  cot  \ 
\     from  hoop.  ' 


do 


Tensile 
etrength 
per  square 
inch  of 
original 
section. 


Poundt. 
87,170 

76,000 

01, 070 

79.180 


Elongation 

Ser  inch 
trr  rupt* 
ure. 


Inch. 

.173 

.156 
.1653 
.1423 


Reduction 

in  area 
after  rupt- 
ure. 


Percent. 
47.5 

49.4 

42.4 

49.3 


Remarks. 


On  section  A.* 

On  section  B. 

On  section  C. 

On  section  A.*  )  -p.*^— 

On  section  B.  S^*^' 

On  si^ction  C.  )  P®'~- 

On  section  A.* 

On  section  B. 

On  section  C. 

nS*^VZli*iR«tem. 
On  section  B.  >  _,^_^j 

On  section  C.  S  P^^^- 


*  Three  micrometers  were  used  for  measuring  the  elongations.    The  micrometer  on  section  A  oot- 
•red  the  whole  length  of  stem  of  specimen,  30  inches,  along  the  center  line  of  the  bar.    The  micom- 
eter  on  section  B  coTored  10  inches  length,  and  that  on  section  C  covered  15  inches  length.    Sectiona- 
B  and  C  were  taken  along  the  same  side  of  the  bar  and  0.2  of  an  inch  from  the  edge. 

COMPRESSION  TESTS. 


Specimen— 

Position. 

Dimensions. 

Sectional 
area. 

Elastic    limit 
per  square 

inch  of  origi- 
nal section. 

Compression 

per  inch 

under  strain  at 

elastic  limit. 

Tsom  hoop  marked— 

Num- 
ber. 

Length. 

Diam- 
eter. 

As 

11 
12 

Inside 

Oatside... 

Inehse. 
12 
12 

Inehet. 
1.019 
L129 

8q.  in. 
0.817 
1.000 

Poundt. 
56.000 
60,000 

Inch. 

.001870 

A. 

.001860 

\ 

Appendix   30. 


REPORT  ON  THE  MANUFACTURE  OF  STEEL  FOR  GUN  CONSTRUCTION  BY 

THE  OTIS  IRON  AND  STEEL  COMPANY. 

BY  WILLIAM  M.    MEDCALFE,  LIEUTENANT  OF   ORDNANCE. 

(1  plate.) 

Under  contract  of  December  18,  1883,  the  company  was  called  npon 
to  furnish  12  hammered  steel  bars  4.1  inches  square  and  24  feet  long, 
one  hammered  bi^r  of  same  cross-section  12  feet  long,  and  375  rolled 
steel  billets  2  inches  nquare  and  weijjhing  80  pounds  each. 

Up  to  June  30,  1884,  14  bars  and  402  billets  were  manufaetured  and 
tested.    Of  these  11  bars  and  311  billets  have  been  accepted. 

MANUFACTURE. 

Open-hearth  steel  was  required,  and  four  heats,  averaging  32,000 
pounds  each,  were  made  to  fill  the  contract.  The  charge  for  each  weighed 
36,500  pounds,  15  per  cent,  being  allowed  for  wastage.  No  scrap  was 
used,  pig  iron,  low  in  phosphorous,  and  wxought-iron  blooms  conii)o«inf 
the  charge. 

The  pig  iron  was  first  introduced  and  brought  to  a  molten  state.  The 
blooms,  laised  to  a  red  heat  in  mufflers  situated  in  rear  of  the  Siemens 
furnace,  were  then  added  to  the  bath.  About  five  or  ten  minutes  before 
tapping  the  spiegel  in  lumps  was  thrown  in,  having  been  previonslj 
brought  to  a  white  heat. 

The  composition  of  each  charge  was,  roughly  speaking,  82  per  cent.rf 
blooms,  15  per  cent,  of  pig,  and  3  per  cent,  of  spiegeleisen,  the  lattfl 
containing  40  per  cent,  of  Mn. 

The  blooms  used  were  partly  Otis  blooms  and  partly  so-called  charcwl 
blooms  from  Chautauqua,  Lake  Cham  plain.  One  heat  made  entirely  witk 
the  former  gave  decidedly  better  results  in  the  test  of  transverse  speci- 
mens, a  fact  probably  due  to  the  low  perct*ntage  of  phosphorous  cod- 
tained  in  these  blooms.  It  has  been  therefore  decided  by  the  superin- 
tendent to  use  hereafter  only  iron  of  the  company's  manufacture  for 
steel  to  fill  the  Government  contracts  now  pending. 

The  metal  was  cast  in  iron  molds,  both  closed  and  open,  arraD^e<lio 
groups  of  four  and  six  about  a  central  riser  a  little  taller  than  the  molds. 
The  ingots  averaged  2,900  pounds  and  were  14  inches  square  at  th« 
bottom,  tapering  slightly  towards  the  upper  end. 

In  every  case  before  a  heat  was  selected  preliminary  tests  were  mwifi 
similar  to  those  required  under  the  contract. 

In  the  manufacture  of  the  billets  the  ingots,  heated  to  a  yellow  beat, 
were  rolled  down  in  the  blooming  mill  to  8  inches  square.  The  upp«r 
half  of  the  ingot  was  then  cut  off  and  the  lower  half  returned  to  the 
mill  and  rolled  down  to  5  inches  square,  requiring  in  all  17  passes.  Tbis 
bar  was  cut  up  into  l^ugtVii^  ^a^dent  to  make  three  2-inch  billets.  Tli« 
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feces  of  each  ingot  were  then  replaced  in  the  furnace  and  kept  to- 
ether,  the  piece  nearest  the  top  of  the  ingot  being  marked.  When 
^ain  raised  to  a  yellow  heat  they  were  rolled  into  bars  2  inches  square, 
^liich  were  out  up  into  80- pound  billets.  All  billets  from  any  one  ingot 
rere  marked  with  the  same  number,  the  top  billet  being  set  aside  and 
fterwards  specially  marked  so  as  to  be  distinguished  from  the  others. 
L  6inch  test  piece  was  cut  off  above  the  upper  end  of  each  top  billet. 
For  the  hammered  bars  the  ingots  were  rolled  down  to  7  inches  square, 
nd  the  upper  half  cut  off.  The  lower  half,  after  having  been  cleaned, 
''as  formed  into  a  24-foot  bar,  4.1  inches  square,  under  a  3-ton  steam- 
elve  hammer.  A  test  piece  6  inches  long  was  taken  beyond  the  upper 
nd  of  each  bar  and  marked  with  the  number  of  the  bar. 

TESTING. 

The  different  heats  used  were  analyzed  for  combined  carbon  only.' 
*fae  results  were  as  follows:  , 

Per  cent 

leatNo.  1 0.31 

leatNo.  2 , 0.32 

leatNo.  3 0.31 

leat  No.  4    , 0. 32 

The  physical  tests  for  the  first  eight  ingots  rolled  into  billets  and 
or  two  of  the  hnmmered  bars  were  made  at  the  Washington  navy-yard, 
^he  remainder  of  the  tests  were  made  on  the  Olsen  testing  machine  at 
he  Otis  works  by  Mr.  George  Bartol  and  the  inspector. 

For  each  bar  four  test«  were  prepared,  central  and  outside,  longitudi- 
al  and  central,  and  outside  transverse  specimens.  The  diameter  of 
heir  least  section  was  0.5  inch,  and  the  distance  between  measuring 
joints  2  inches,  a  seven  eighths-inch  thread  being  cut  on  the  ends. 

For  each  ingot  rolled  into  billets  two  tests  were  prepared,  a  longitudi- 
lal  specimen  of  the  same  dimensions  as  for  bars,  and  a  diagonally  trans- 
verse specimen  0.3  inch  in  diameter,  and  1.2  inches  between  measuring 
joints. 

The  specimens  were  annealed  in  batches  of  twenty-five  or  thirty,  ac- 
cording to  a  method  proposed  by  Dr.  W.  E.  Woodbridge. 

The  annealing  box  was  a  strong  wrought-iron  pipe,  plugged  at  the 
ower  end,  6  inches  in  diameter  and  18  inches  long ;  a  steel  cover  screwed 
»n  and  closed  the  upper  end.  The  packing  consisted  of  cast  iron  turn- 
ng8,  mixed  with  10  per  cent,  of  finely  divided  iron  oxide,  the  propor- 
ion  of  the  latter  being  afterwards  increased  to  20  per/  cent,  to  prevent 
^rbonization.  The  mixture  was  first  heated  red  hot  and  allowed  to 
sool  in  the  box.  The  specimens,  after  having  been  examined  as  to  ac- 
^nracy  of  dimensions,  were  bound  into  bundles  and  packed  in  the  mix- 
iore.  Two  heat  tests  were  at  first  used,  one  being  a  piece  of  copper  with 
^harp  edges,  the  other  an  alloy  of  five  parts  copper  and  one  tin.  These 
^Bts  were  placed  in  boxes  made  of  inch  piping  closed  with  a  screw 
)lug.  The  box  containing  the  copper  was  placed  near  the  exterior  and 
'^at  containing  the  alloy  in  the  center  of  the  annealing  tube.  The  tem- 
^ratnre  of  annealing  was  so  regulated  that  the  bronze  heat  test  was 
'belted,  the  copper  remaining  unmelted  and  coming  out  with  sharp  edges. 
*ke  difference  between  the  melting  points  of  these  substances  was,  how- 
ler, so  great  that  at  the  suggestion  of  Dr.  Woodbridge  a  third  heat 
^t  was  used,  composed  of  fifteen  parts  of  copper  and  one  of  tin,  and 
le  temperature  kept  between  the  melting  points  of  the  two  alloys. 
The  annealing  was  done  in  a  low  regenerator  gas  iutii^yci^^  ^w^  ^<^sir 
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erally  took  a  little  over  an  boar,  as  the  box  was  heated  ap  very  grada* 
ally.  At  a  bright  red  heat  it  was  withdrawn,  imbedded  in  polveiized 
slaked  lime  and  left  to  cool  slowly. 

In  annealing  the  third  batch  the  temperature  was  purposely  carried 
higher  than  in  thecase  of  first  two  lots,  although  still  kept  well  within  the 
melting  point  of  copper.  On  pulling  these  ti'sts  it  became  apparent 
that  their  physical  properties  had  been  injured.  The  fracture,  instead 
of  being  silvery,  was  semi-crystalline  and  crystalline,  and  the  ultimate 
extension  and  contraction  of  area  fell  below  what  was  to  be  expected. 

Additional  tests  were  made  of  the  same  steel,  the  third  heat  test  beiD|^ 
used,  and  the  temperature  kept  down  to  what  it  had  been  in  the  first  two 
annealings.  A  comparison  of  the  results  showed  that  the  higher  tem- 
perature had  materially  impaired  the  extensibility  and  contractibilitj 
of  the  specimens  without  noticeably  affecting  th^ir  tenacity. 

Specimens  annealed  in  the  manner  described  come  from  the  box  look- 
ing bright  and  untarnished. 

Experiments  were  made  to  determine  the  amount  and  depth  of  car- 
bonization experienced  by  the  tests  while  in  the  annealing  box. 

Two  pieces  were  annealed  in  the  usual  manner.  Off  of  the  first  piece 
turnings  were  taken  from  the  outside  and  from  near  the  centeffaod 
analyzed  with  the  following  results:  Combined  carbon,  outside, OJ; 
center,  .036.  From  the  second  turnings  were  taken  as  from  the  first, 
and  also  at  about  one-sixteenth  of  an  inch  below  the  surface,  to  determine 
the  depth  at  which  carbonization  took  place.  Tlie  analysis  gave:  Com- 
bined carbon,  outside,  0.46;  intermediate,  0.38 ;  center,  0.37;  showinf 
that  the  carbon  had  not  penetrated  to  any  extent  into  the  interior  of  the 
test  piece.  The  length  of  time  during  which  the  specimen  is  exposed 
to  the  carbonizing  action  undoubtedly  determines  largely  the  depth  in 
question. 

The  percentage  of  iron  oxide  was  then  increased  to  20,  and  simOtf 
experiments  made  with  a  view  to  lessening  the  carbonizing  action,  hot 
without  satisfactory  results.  The  effect,  however,  upon  the  physical 
properties  of  the  test  is  probably  insignificant,  owing  to  the  slight  deptk 
to  which  the  action  extends.  In  one  case,  where  20  per  cent,  of  ii* 
oxide  was  used,  a  noticeable  decarbonizing  action  was  shown  by  the 
analysis  to  have  taken  ])lace. 

Combined  carbon,  outside,  0.32  and  0.33  ;  center,  0.40  and  0.41. 

The  results  of  all  the  tests  made  at  the  Otis  works  have  been  tahfr 
lated  and  hereto  annexed.  The  measurements  were  made  with  inicio«» 
eter  gauges  reading  to  .001  of  an  inch. 

The  holders  of  the  specimens,  constructed  according  to  the  sagg^ 
tions  of  Dr.  Woodbridge,  proved  to  be  very  serviceable.  The  two  cen- 
ter wedges  which  in  the  Olsen  machine  clasp  the  end  of  the  test,  weie 
removed  and  replaced  by  a  single  wedge.  Through  the  latter  a  bole  w»» 
bored  for  the  passage  of  the  arm  of  the  holder.  An  accurately  tnnel 
socket,  sunk  in  the  upper  surface  of  the  wedge,  received  a  hemispheric^ 
head  on  the  end  of  the  arm  of  the  holder.  With  this  arrangement  the  ad- 
justment of  the  axis  of  the  specimen  in  the  line  of  greatest  strain  was 
easy  and  perfect,  as  the  head  of  the  holder  turned  readily  in  its  socktf 
when  any  cross-strain  was  brought  to  bear  upon  the  s^iecimen. 

A  number  of  thin  transverse  plates  were  prepared  for  the  purpose  of 
examining  thecontinuity  of  the  steel.  These  plates  were  generally  t^ken 
from  billets  whose  test  pieces  showed  flaws  or  some  peculiarity.  Om 
side  was  smooth  finished,  and  examined  under  a  glass  for  defects  of  ooo* 
tinuity,  and  afterwards  bulged  by  hammeriugoron  the  testingmacfainei)^ 
open  or  extend  bucYi  ^^ioi^t^,  ^xkdL  >i>QL^  ^\>xl^£j^  «i!9;aiu  examined.    Host  of 
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tiese  plates  were  sent  to  the  ordnance  office  for  examination.  Those 
ssted  at  the  Otis  works  showed  considerable  variations.  In  all,  bnlging: 
eveloped  defects,  but  their  size,  number,  appearance,  and  distribution 
aried  greatly.  If  a  flaw  of  any  size  existed  in  the  plate  it  soon  opened 
>t  that  point,  and  cracks  radiating  from  it  showed  up.  In  other  cases 
he  metal  stretched  equally  throughout  the  plate,  the  small  openings 
loticed  being  evenly  distributed  over  the  whole  bulged  surface. 

The  bars  and  billets  were  also  inspected  for  dimensions,  cracks,  flaws, 
>r  laps,  and  such  as  were  found  unsatisfactory  rejected. 

OAST-STEEL  CYLINDER. 

In  conformity  with  the  instructions  contained  in  a  letter  from  the 
Ohief  of  Ordnance,  dated  February  14,  1884,  the  Otis  Iron  and  Steel 
Company  made  for  test  a  trial  cylinder  of  cast  steel  24  inches  in  diameter 
and  5  feet  long.  It  was  made  of  open  hearth  steel,  from  a  heat  of  31,000 
pounds,  and  cast  in  a  sand  mold  with  a  sinking  head  equal  to  the  length 
of  the  cylinder.  The  mold  was  lined  with  thin  sheet  iron  to  preserve  it 
from  injury,  the  metal  enterinjr  at  the  upper  end  of  the  mold  cavity. 
The  resulting  ingot  was  10  feet  long,  25  inches  in  diameter,  and  weighed 
in  the  neighborhood  of  17,000  pounds. 

A  mean  of  seven  analyses  madeof  borings,  taken  from  dififerent  parts 
5f  the  cylinder,  was  as  follows :  Combined  carbon,  0.55  per  cent. ;  sili- 
con, 0.13  per  cent. ;  phosphorus,  0.029  per  cent. ;  manganese,  0.96  per  cent. 

The  ingot  was  left  in  the  pit  to  cool  slowly  for  two  days,  and  after- 
wards removed  to  the  machine  shop,  turned  down  to  24  inches,  and  the 
ipper  half  cut  ofl*.  A  6  inch  hole  was  then  bored  through  the  center, 
^hen  the  cylinder  was  ready  for  annealing.  It  was  placed  in  a  regen- 
rative  gas-heating  furnace  with  doors  at  both  ends.  A  piece  of  iron 
^^pe  was  inserted  in  the  central  hole  at  each  end  and  projected  some 
aches  beyond  the  doors,  which  were  bricked  up  about  the  pipes.  An 
^ch  steam-pipe  was  conducted  to  one  of  these  pipes,  by  means  of  which 
jet  of  steam  could  be  thrown  in  and  a  strong  current  of  cold  air  pro- 
ceed through  the  bore  of  the  cylinder.  The  temperature  was  raised 
^^dually,  the  flame  being  directed  alternately  above  and  below  the 
blinder  to  insure  even  heating  throughout.  When  at  a  yellow  heat 
^e  gas  was  shut  oflf  and  the  cylinder  allowed  to  cool  in  the  furnace 
^er  night,  the  blast  being  left  in  action.  This  operation  was  repeated 
^T^  times. 

The  cylinder  was  then  removed  to  the  lathe  and  a  ring  1.25  inches 
hick  detached  from  each  end,  from  which  tangential  and  radial  speci- 
f^ens  were  afterwards  taken.  Another  ring,  2.5  inches  thick,  was  cut 
^om  the  lower  end,  to  be  tested  for  initial  tension.  The  remainder  of 
^he  cylinder  then  received  two  through  cuts  lengthwise,  removing  two 
^labs,  3.25  inches  thick,  on  opposite  sides  of  the  bore.  From  these  slabs 
16  specimen  pieces  were  taken,  each  piece  being  stamped  with  a  num- 
ber and  the  lower  end  marked 

In  all  28  specimens  were  taken  from  the  cylinder,  as  follows : 


'br  taasentiAl  extension 

^or  radlaL  extension 

'or  lonsitndinal  extension.  .. 
'or  mcSal  oompreesion. .... 
or  longltndinal  compression 
'or  transverse  resislAoce . . . . 

lorradial  borsting 

or  longitadinal  \mnthig .... 


No.  of 

Hpeci' 
mens. 


\ 


6 
6 
6 
2 
2 
2 


Size 
square. 


Inches. 
1.25 
1.25 
1.25 
1.25 
1.25 
1.2& 


Length. 


Ineheg. 
9.0 
0.0 
0.0 
0.0 
9.0 

V^ 
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These  specimens,  with  the  initial  tension  ring,  were  shipped  to  tbe 
commanding  officer  of  Watertown  Arsenal  for  test. 

The  success  attained  at  these  works  under  the  able  managemeDt  of 
Mr.  S.  T.  Wellman,  the  superintendent,  in  the  manufacture  of  wronght- 
iron  blooms,  using  rotary  puddlers,  deserves  remark.  As  it  is  the  only 
plant  of  its  kind  in  operation  in  this  country,  and,  with  the  exception 
of  that  at  Le  Greusot,  about  the  same  in  size,  the  only  one  in  the  world, 
the  following  brief  description  of  the  process  (for  the  details  of  which  I 
am  indebted  to  Mr.  George  Goetz,  in  charge  of  the  bloomery)  may  be 
of  interest  to  the  department: 

The  plant  consists  of  a  Siemens  regenerative  gas  furnace  for  meltiDi^ 
the  pig ;  two  gas  producers ;  two  rotary  puddlers  of  the  modified  Dank 
pattern,  and  a  10-ton  steam  hammer. 

The  Siemens  furnace  has  a  capacity  of  30,000  pounds  molten  pig.  hi 
construction  it  diff'ers  from  the  ordinary  pattern  in  having  the  heaXmg 
chambers  placed  in  pairs  on  either  side  of  the  main  supporting  pillars, 
through  which  pass  the  flues  for  the  entrance  of  the  gas  and  air  intotbe 
furnace  and  for  the  exit  of  the  products  of  combustion ;  the  advaotage 
of  this  arrangement  being  that  the  particles  of  slag  carried  intotba 
flues  by  the  draught  fall  into  pockets  at  the  bottom  of  the  flues,  and  oot^ 
as  is  the  case  with  furnaces  in  which  the  flues  open  directly  into  these 
chambers,  into  the  chambers  themselves.  The  bottom  of  each  poci^et 
is  an  inclined  surface,  allowing  the  slag  to  run  out  at  an  opening  in  tiie 
lower  end. 

The  bed  of  the  furnace,  instead  of  resting  upon  the  brick  arches  of  the 
chambers  below,  is  supported  by  iron  trusses  which  run  over  to  and  rest 
upon  the  main  pillars,  thus  relieving  the  arches  from  a  heavy  load.  A 
considerable  space  is  left  free  between  the  bottom  of  the  bosh  and  the 
brick-work  below.  Although  this  construction  would  seem  tohav€tb« 
disadvantage  of  preventing  the  lurnace  bed  from  heating  up  rapidly,  it 
is  not  found  to  be  so  in  practice.  In  the  melting-house,  where  the  for 
naces  are  of  the  same  kind,  a  heat  of  38,000  pounds  of  steel  has  beei 
made  in  four  and  a  half  hours. 

The  producer  situated  immediately  in  rear  of  the  furnace,  is  of  novel 
pattern.  Its  exterior  form  is  that  of  a  circular  cylinder  14  feethigt 
An  outer  casing  of  boiler-plates,  riveted  together,  contains  the  refractory 
lining,  which  is  about  9  inches  thick.  The  interior  section  is  a  qaadii- 
lateral,  bounded  by  curved  lines,  the  spaces  between  the  casing  and  lin- 
ing being  filled  with  common  brick.  About  2  feet  from  the  bottotn  i^ 
the  grate,  above  this  the  interior  widens  up  to  half  its  height,  an^l 
then  contracts  from  adiameter  of  6  feet  8  inches  at  the  widest  part  to^ 
feet  8  inches  at  the  top.  A  large  body  of  fuel  is  thus  secured  in  \ii 
portion  of  the  producer  in  which  deoxidation  is  to  take  place. 

The  draft  is  produced  by  a  steam  blast  playing  into  two  6  inch  air- 
pipes  which  enter  the  furnace  on  either  side  and  below  the  grate.  ^ 
amount  of  ste^m  to  be  used  is  a  matter  of  importance,  as  an  excess  g\^^ 
an  inferior  quality  of  gas,  while  a  deficiency  impairs  the  draft,  f^ 
a  producer  of  the  size  described  a  steam  jet  of  five  thirty-seconds  of »» 
inch  diameter  is  used,  with  a  pressure  of  one-fourth  of  an  inch  of  water. 

The  resulting  gas  contains  more  combustible  gases  than  are  obtained 
from  the  ordinary  producer,  viz:  4  per  cent.  CO2, 27  to  29  percent.  C0» 
11  to  13  per  cent,  of  H,  and  about  5  per  cent,  of  hydro  carbons  (0%  H^)^ 
The  high  percentage  of  H,  resulting  from  the  decomposition  of  ti)0 
steam  is  noticeable. 

The  charge  for  the  melter  is  madeupof  different  kindsof  pig-iron,  soU^ 
the  molten  mixture  n?\\\  CiO\iV»\w  Wi^  ^to^ier  amount  of  silicon  and  nj»D- 
ganese,  which  ia  troiiiO.^  Xjo  \  ^«t  ^s^oXh  Q!i^\*^5A^J^\iXV^i^^  <ient  of  Mn. 
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his  refined  pi^  is  tapped  off  as  required  into  a  ladle  holding  2,500  to 
K)  ponnds  which  runs  on  a  track  in  front  of  the  paddlers. 
he  puddlers  are  modified  Danks,  having  a  drum  8  feet  6  inches  long 
u  ring  to  ring,  and  a  diameter  of  6  feet  6  inches.  The  initial  lining 
mixture  of  50  per  cent,  of  ground  hematite  ore  and  50  percent,  of 
:ed  lime.  Upon  this  cracked  ore  is  placed  and  melted,  an  operation 
ing  about  two  hours.    Into  this  liquid  bath  lumps  of  ore  about  the 

of  a  man's  head  are  thrown  and  become  cemented  on  the  lining, 
ng  afterwards  as  a  rake  to  stir  the  charge.    A  fix  lasts  on  an  average 
heats. 

he  pig-iron  is  poured  on  a  hot  bottom,  the  drum  making  about  ten 
3lutious  per  minute.    Pig  of  the  above  composition  will  boil  in  about 

minutes  and  come  to  nature  in  ten  or  fifteen  minutes.    It  is  then 
ped  with  tools  or  "balled  up,"  and  is  ready  to  be  drawn  and  put  un- 
the  hammer. 

"he  slag  produced  is  very  basic,  and  as  a  consequence  the  amount  of 
^sphorus  in  these  blooms  is  remarkably  low,  an  average  of  the  an- 
968  for  one  week  being  0.007  per  cent.  If  any  sulphur  is  present  in 
pig,  about  0.50  per  cent  of  the  charge  is  limestone,  which  removes  it 
y  effectually,  forming  Ca  S. 

'he  percentage  of  silicon  m  the  pig  is  highly  important,  as  too  little 
es  blooms  which  will  not  hammer,  and  too  much  is  very  destructive 
the  bottoms.  The  production  is  large.  No.  1  drum  averaging  during 
)  week  while  the  inspector  was  at  the  works,  30,000  pounds  of  ham- 
red  blooms  per  day  of  ten  hours. 


Table  of  tents. 

ita  Diirlced  •wiih  a  *  were  annealed  at  a  hicher  temperature  than  the  others,  and  additional  testa 
terwarda  made  to  determine  the  efftct  of  this  change  in  temperature  of  annealing  upon  their  phya- 
U  properties.] 


a 
o 

9 
3 


L. 
T. 
L. 

T. 

L. 
T. 
L. 
T. 
L. 

T. 

L. 
T. 
L. 
T. 
L. 
T. 
L. 


T. 


a 

o 

Oi 


Billet. 
..do . . . 
..do... 

..do ... 

..do ... 
.do... 
,.do ... 
..do ... 
..do ... 

..do... 

..do ... 
..do... 
.do... 
..do  ... 
,.do . .. 
..do  ... 
..do... 


..do ... 


3  ® 

S 
P 


InehM. 


.500 
.301 
.500 

.300 

.603 
.300 
.500 
.300 
.498 

.290 

500 
.297 
.457 
.297 
.500 
.298 
.501 


.800 


2     1  • 

fl  5 

*i  ^  a 

8  a  a 


Poundt.  Per  et 


78,520 
77,324 
80,153 


80,502 
75.634 
82,092 
78, 169 
80,256 

28,285 

82,143 
74.203 
82.012 
74.901 
82,041 
76,285 
81,370 

42,635 


Remarks. 


(  Test  piece  broken  before  record 
I        ox  tenacity  was  obtained. 


C  All  bineto 
C  Flaw  extending  <  flrom  this  in- 
I  across  fractare.  (  got  r«^eoted. 


Top  billet  r^eoted. 


I  Flaw  of 
color  .05  inch  in  I 
width       ex.f 
tending    clear  I 


\  All  biUets  of 
bright  I    this   ingot 
r^ected. 
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Table  of  te8t» — CoDtinned. 


i 

1 

i 

Number  of  ingot 
stamped  on  the  teat 

1 

1 

o. 

a 

0 

li 

B*i 

o  S 

p 

It* 

Beduction  of  original 
oroBB-aection  at 
ruptare. 

• 

1 
1 

• 
1 

Portion  of  ingot  from 
-which  teat  piece  waa 
taken. 

Inehet. 

Pounds. 

PereL 

PereL 

2 
3 
2 

9 

9 

10 

L. 
T. 
L. 

Billet. 
,.do... 
..do ... 

.800 
.293 
.801 

83,8b0 
74, 776 
80,845 

67.7 
14.9 
54.9 

81.67 
10.83 
80.91 

ja 

]  Tnmed  by  mistake  to 
>  dimensions  trans- 

2 

10 

T. 

..do... 

.296 

72,464 

20.3 

10.67 

o 

1    Terse  test  piece. 

8 

11 

L. 

..do... 

.500 

78, 723 

54.1 

31.3 

"S 

8 

11 

T. 

..do ... 

.295 

75,440 

20.6 

14.42 

1 

8 

12 

L.* 

..do ... 

.503 

77,940 

47.2 

2a  3 

8 

12 

T. 

..do ... 

.300 

74,790 

19.7 

15.08 

s* 

8 

13 

L. 

..do ... 

.500 

78.980 

55.1 

31.15 

s 

8 

18 

T. 

..do ... 

.298 

73,  570 

20.0 

16.0 

8 

14 

L.* 

..do... 

.504 

77.400 

48.0 

29.4 

.    -go 

3 

14 

T. 

..do ... 

.288 

75, 690 

26.1 

19.42 

g? 

8 
8 

15 
15 

L. 
T. 

..do ... 
..do ... 

.497 
.297 

80,155 
72. 320 

62.6 
14.5 

30.85 
10.0 

r 

1  Top  billet  r^eoted. 

8 
8 

16 
16 

L. 
T. 

..do ... 
..do... 

.496 
.297 

80,311 
75,  360 

54.9 
15.9 

31.4 
12.08 

9 
•5 

Top  biUetn^ected. 

3 

17 

L. 

..do ... 

.409 

79,  745 

56.1 

31.05 

1 

8 

17 

T.* 

..do... 

.299 

75.000 

14.8 

12.83 

8 

18 

L.* 

..do... 

.604 

78,600 

45.5 

27.6 

•s 

8 

18 

T. 

..do  ... 

.297 

74.638 

1&8 

13.67 

4 

19 

L. 

..do... 

.493 

79.633 

65.5 

31.9 

4 

19 

T.* 

..do... 

.295 

74, 412 

17.6 

14.25 

£ 

4 

2U 

L. 

..do... 

.496 

80,777 

55.4 

32.2 

4 

20 

T. 

..do... 

.298 

77,143 

21.4 

15.25 

^i 

4 

21 

L.* 

..do  ... 

.504 

79.600 

46.0 

27.95 

1^ 

4 

21 

T. 

..do ... 

.293 

77,015 

20.9 

15.83 

1-2 

8 

22 

L. 

..do ... 

.500 

78.  470 

57.1 

32.85 

«  s 

8 

22 

T. 

..do... 

.298 

73,714 

17.1 

12.  7» 

4 
4 

23 
23 

L. 
T. 

.  .do  . . . 
..do... 

.499 
.299 

80,408 
74, 143 

55.1 
17.1 

31.45 
10.08 

!  Top  billet  rejected. 

4 

4 

24 

24 

L. 
T. 

..do... 
. . do  . . . 

.496 
.299 

83, 212 
75,  286 

52.85 
15.7 

80.15 
9.9 

12 

1  Top  billet  n^ected. 

4 

25 

L. 

..do... 

.498 

78.718 

53.3 

81.25 

4 

25 

T. 

..do  .  . 

.299 

78, 285 

20.0 

13.25 

So. 

4 

26 

L. 

..do ... 

.499 

80,255 

53.6 

30.05 

£5 

4 

26 

T. 

. . do  . . . 

.289 

75,303 

22.7 

14.42 

ADDITIONAL  BILLET  TESTS. 


3 

14 

L. 

Billet 

.495 

77,340 

55.73 

8 

17 

T. 

..do  ... 

.298 

73, 171 

24.28 

8 

18 

L. 

..do ... 

.497 

78.300 

53.09 

4 

19 

T. 

..do  ... 

.290 

73,  480 

19.7 

4 

21 

L. 

..do ... 

.498 

78, 720 

52.82 

2 

9 

L. 

..do ... 

.497 

80,930 

55.15 

3 

9 

T. 

..do... 

.297 

75,  800 

18.41 

8 

15 

T. 

..do... 

.299 

71,430 

21.43 

8 

16 

T. 

..do ... 

.299 

73, 0(K) 

21.43 

4 

23 

T. 

. . do  . . . 

.266 

73,390 

23.21 

4 

24 

T. 

..do ... 

.800 

74, 220 

23.94 

32.85 

14.5 

31.65 

14.25 

81.5 


8L45 
12.93 
15.58 
16.17 
17.25 
18.23 


f 

1 
< 


f 


®  ®  i  ^ 
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Table  of  (e«t»— Continued. 
ADDITIONAL  BILLBT  TESTS— Continued. 


I 

o 

e 
u 
a 


C.L. 
O.L. 
C.T. 
O.T. 


C.L. 
0.  L. 


Description. 

Diameter  of  minimum 
cross-section. 

Bar... 

Inches. 

..do ... 
. .  do  ... 

..do ... 

*•'"•■• 

.do 
.do 


C.T.   I. .do 


O.T. 

C.L. 

O.L. 

C.T. 

O.T. 

C.L. 

O.L. 

C.T. 

U.T. 

C.L. 

O.L.* 

C.T. 

O.T. 

C.L. 

O.L. 

C.T. 

O.T. 

C.L. 

O.L. 

C.T. 

O.T. 

C.L 

O.L. 

C.T. 

O.T. 

C.L. 

O.L. 

C.T. 

O.T. 

C.  L  * 

O.L. 

C.  T.* 

O.T. 

C.L. 

O.L. 

C.T. 

O.T. 

C.  L.* 

O.L.* 

C.T.* 

O.  T.* 

C.L." 

O.L.* 

C.T.- 

O.T.* 

C.L. 

O.L. 

C.T. 

O.T. 


.do  ... 

do... 
.do  . .. 
.do  . .. 

.do 

.do  .. 
.do  ... 
.do.... 
.do .. . 
.do ... 
.do ... 
.do  . . 
.do... 
.do  ... 

do  ... 
.do ... 
. do  . . . 
.do ... 
.do   . . 

.do  ... 

.do  .. 
. do  . . . 
.do ... 
.do ... 
.do ... 
.do ... 

do  .. 
.do ... 
. do  . . . 
.do... 
.do   .. 

do... 

do.. 

do ... 
.do .. 
.  do  . . . 
.do... 
.do . . . 
.do ... 

do... . 
.do.  .. 

do. . . . 

do. . . 
.do.. .. 
.do... 
.do . . 
.do... 
.do  . 
.do  .. 


.501 
.489 

.407 

.500 
.500 
.499 
.505 
.497 


.502 
.500 
.497 
.499 
.499 
.496 
.502 
.500 
.497 
.500 

.504 

.502 
.495 
.501 
.501 
.506 
.494 
.502 
.505 
.503 
.503 
.497 
.498 
.500 
.493 
.494 
.491 
.501 
.602 
.504 
.495 
.497 
.505 
.494 
.499 
.495 
.497 
.496 
.496 
.496 


Pound*. 


66,871 
73.  052 
66,364 
71.228 


73.450 
70. 276 

69,587 

73.367 
75, 010 
75, 815 
73, 400 
70,  H75 
73. 4r>7 
75,230 
7:<,  203 
77, 408 
76,566 
78.  h77 
72, 370 
73. 670 
75,  LM) 
78, 190 
73,430 
71,070 
75, 360 
78,  010 


a  ■ 

®  • 
a  •  . 
Sit 

^  a 


I 


PereL 


59.72 
55.21 
28.25 
18.6 


54.0 
54.2 

l&O 

18.8 

53.6 

56.1 

22.0 

2212 

56.27 

58.87 

27.  74 

25.01 

51.0 

46.4 

20.1 

28.1 

52.5 

54.4 

21.2 

16.8 

51.0 

52.2 


66,750  j     12.5 


74,090 
79. 270 
78,630 
71.218 
75,220 
75.990 
76.363 
72,  400 
72,  814 
75,  B78 
78.814 
64,798 
73, 112 
76,858 
76.198 
70,  635 
72. 233 
73,687 
76,500 
70,260 
76,185 
74. 300 
77,500 
69,502 
77,135 
77.819 
82.950 
70,830 
77,460 


22.1 

47.9 

49.5 

14.7 

20.9 

51.6 

52.5 

22.6 

19.6 

47.2 

52.06 

15.66 

15.8 

48.7 

53.1 

2L2 

18.8 

48.5 

50.0 

19.3 

23.2 

48.5 

46.66 

17.85 

25.5 

53.61 

50.26 

19.99 

17. 62 


g 

8. 
§ 

s 


Peret. 


37.7 
32. 95 
21.05 
11.8 


33.1 
32.65 

10.75 

12.25 

31.0 

30.85 

14.8 

11.4 

31.35 

3:{.60 

17.65 

17.30 

30.3 

28. 15 

14.5 

15.15 

30.95 

30.45 

11.5 

10.05 

29.85 

30.75 

&65 

13.95 

29.25 

28.75 

10.75 

14.65 

27.8 

31.85 

12.0 

13. 35 

26.  85 

29.05 

8.80 
12.15 
29. 05 
31.2 
14.35 
11.9 
29.8 
30.0 
13.25 
15. 35 
31.15 
29.55 
11.25 
22.0 
31.6 
27.5 

9.9 
15.85 


is 

if 

-a 

o  a  9 


Remarks. 


I 


a 

e 

a 

o 

a 

s 


•1 

Slight 
flaw       in 
(  fracture. 


^ 


The  nnmbera 
stamped  on  the 
bars  mn  ftom  1  to 
24,  inclusive.  The 
numbers  not  foand 
^in  the  table  cor- 
'  respond  to  ingots 
rolled  to  7  inches 
by  7  inches  blooms, 
but  not  hammered, 
and  of  thesame  heat 
as  bar  No.  5.  which 
was  r^eotea. 


)  !  I     Tested  at  Washington  nayy- 
';  (  yard. 


cs 


Q 


I 

s 

I 


C  Slight  flaw  extand- 
(  ing  across  fracture. 


>■  lU^eoted. 


J 


1 
I 
y  Rejected. 


] 


ADDITIOXAL  BAR   TESTS. 


C.L. 

Bar.. 

C.T. 

. .do  .... 

C.L. 

..do.... 

C.T- 

..do  ... 

C.L. 

.  -do 

C.L. 

..do.  .  j 

.496 
.498 
.496 
.498 
.500 
.497 


76,680 

52.33 

31.4 

69.900 

18.46 

10.05 

73. 210 

57.51 

32.75 

» 

69,440 

22.6 

13.05 

74,950 

64.08 

31.85 

71.440 

18.56 

13.25 

1 

. 

I-. 

«r     P    «} 


\ 
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Table  of  teats  made  after  June  30, 1884,  of  steel  furnished  by  the  Otis  Iron  and  StsU  Com- 

panj/f  under  contract  of  December  18,  1883. 


t 


I 


6 
6 
5 
6 
5 
6 


5 
5 
6 
5 
6 
5 
5 
0 

0 

0 


9 
9 


9 
9 


9 
9 
9 
9 


10 
10 
10 
10 


§f^ 

*»■«-• 

3)3 

a^ 

« 

IS 

^"i 

5 

o^ 

v« 

fr:.c3 

o 

^.H 

£ 

a 

M 

27 

$z; 

L. 

•27 

T. 

28 

L. 

28 

T. 

20 

L. 

29 

T. 

30 

L. 

30 

T. 

31 

L. 

31 

T. 

32 

L. 

32 

T. 

33 

L. 

33 

T. 

25 

O.L. 

25 

C.L. 

25 

O.T. 

25 

C.T. 

26 

O.L. 

26 

C.L. 

26 

O.T. 

26 

C.T. 

26 

C.L. 

26 

O.L. 

26 

C.T. 

26 

O.T. 

27 

C.L. 

27 

O.L. 

27 

C.T. 

27 

O.T. 

§ 

a, 
V 

I 


BiUet 

.  ..do 

...do 

...do 

...do  ...... 

...do 

...do 

...do 

...do 

— do 

...do 

...do 

...do 

24-foot  bar 

24-foot  bar. 

24  foot  bar. 


24-foot  bar. 


12-foot  bar. 
12-foot  bar. 


12^foot  bar. 
12-foot  bar. 


12-foot  bar. 
12-f<K)t  bar. 
12-foot  bar. 
12-foot  bar. 


§ 
33 

c 

3 


« 
S 


*.»  o  o 
•-3  jar 
a  o  V 

a  a  s 

®  w4    SI 

H 


In. 
,5 
,3 
,5 

3 

5 
,3 


a  >» 

P4 


3 
5 
3 
5 
3 
5 
3 
495 

496 

498 


494 


Lba.  P.et 
75,  880  48. 0 
70, 280  25. 35 
75.  520  4a  45 
71,140  31.43 
75, 690,48.  71 
70, 420  32. 39 


74. 

70. 

76. 

71. 
75, 

70, 

71, 
70, 

79. 
75, 


130,51. 02  30. 85 


g 
33 

§ 


5 

OB 

a 


p.et 

30.10 
10.42; 
30. 15i 
24.50 
28.75 
23.67 


710  28. 
530  4a 
430  31. 
000  4a 
280  32. 
900  50. 
710  20. 
950  50. 

08049. 


57  21.  58 
47  29.  80 
43  22.75 
45  30.  25 
39  20.  42 
20  29.  75 
00  15.17 
52  2a  65 

74  30. 60 


73, 230  la  97  12. 35 


68, 700 16. 67  10. 10 


24-foot  bar. 
24-foot  bar. 
24foot  bar. 
24 -foot  bar. 


409  78. 470  4a  98  27. 9 
500  73,470  50.56  29.85 


500 


499 


19. 9011. 30 


75,000 


71, 170  28. 57  19. 75 


498  70, 970  6a  61 
497176,  650  55. 67 


497  70, 260 
497  73, 970 


17.42 
19.59 


36.20 
32.80 
16.15 
14.70 


.  499  75,  510  64. 08  32. 40 
.  499  79,  850  51.  02  30. 35 
.  498  73,  690  2a  72  20.  80 


.  499  76.  220 


19.39 


13.35 


§3 

a 
|J 

go® 

P4 


i 

o 
■•» 
S 

•So 

■♦* .... 

U.I 

O 

i 

o 
H 


e 

(3 
9 


Remarks. 


9 


<  Saperflcial  loiifi:itDdinal  flaw, }  lock  l0i|, 
\     not  visible  in  fhustare. 


(Several  small  circular  flaws ^ 
<     in  fracture,  noticeable  with 
(     glass. 

Two  flaws  of  brownish  color  >B^eetii 
extending  clear  acmes  frac- 
tnre,  one  smaller  flaw  ex- 
tending partly  across  fract- 
ure. J  ^       , 
'  Temperature  of  taw* 
ing  in  the  csaeof  ipe^ 


»  > 

9  Wi 

9  O  A 

9  a^ 

9  9 

1  ft^ 


Flaw  of  green- 
ish color  ex- . 
tending;  part-  ^ 
ly  across  frac- 
ture. 


imens  of  bsnSSui 
26  was  found  on  ex<» 
ination  of  beat  tMb 
to  have  been  airrW* 

little  too  high,  «wl» 
ditionsl  tests  for  bir 
26  were  made. 


Small  flaw,  of  brownish  color. 


Crystalline  spot  in  firacture. 


Table  of  tests  made  of  steel  furnished  by  the  Otis  Iron  and  Steel  Company,  under  ocwJrt^ 

of  June  30,  1884,  for  45,000  of  rolled  billets, 

[Tests  markpd  with  a  *  were  annealed  in  the  same  batch  with  those  of  bars  25  and  26,  the  tempertti^ 
being  somewhat  high.  Certain  additional  tests  were  therefore  made  to  ascertain  the  effect  of  n* 
Increase  of  temperature.] 


84 

L.* 

34 

T.*  . 

35 

L.*  . 

35 

T.*  . 

36 

L.*  . 

36 

T.*  . 

• 

37 

L.*  . 

71 

87 

T.*  . 

Billet 
...do 
...do 
. ..do  . 
...do  . 
...do 
...do 
...do 


.  496  72, 
.298  68, 
.  500  73. 
.  29974. 
.  500  75, 
.  299,71, 
.  .500(75, 
i.2»9\lQ, 


32.1 
ia25 


330;51.  81 
860  2a  57 
620. "^l.  02131.  05 
000!34. 20,22.  Xi 
200'4a  47 
860.t2.86 
970|47.  45 


29.  .55 
24.92 
30.00 


a® 

>■**  9 


w\\.vi  i-< 


i*SS 


)Top  biUet  r^ected  and  additioii«lt«l* 
5     made. 

i  Additional  testa  made. 
Do. 
Do. 
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e  eftetis  made  of  steel  furnished  hy  the  Otis  Iron  and  Steel  Company ,  ^o.— CoDtinned, 


L.* 
T.* 
L.* 
T.* 
L.* 
T.* 
L.* 
T.* 
L.* 
T.» 

Is* 

T.» 
L.* 
T.* 
L. 
T. 
L, 
T. 
L. 
T. 
L. 
T. 
L. 
T. 
L. 
T. 
L. 
T. 
L. 
T. 
L. 
T. 
L. 
T. 


L. 
T. 


L. 
T. 
L. 
T. 
L. 
T. 
L. 
T. 
L. 
T. 
L. 
T. 
L. 
T. 
L. 
T. 


8 

•c 

P 


Billet 
...do 
..  do 
...do 
...do 
...do 
...do 
...do 

...do 

...do 

...do 

...do 

..do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do  , 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

..  do 

...do  . 

...do 


...do 
...do 


...do 
...do 
...do 
...do 
...do 
...do 
...do 
...do 
...do 

do 

...  do 

do 

— do 

do 

...do 
...do 


s 


In.  L 
502  75, 
299  74, 
4tt8  74, 

298  71, 

496  75, 

299  7i», 
499  78, 
299  73, 

I 
.  499  79. 

298173, 

49H  80. 

299  71. 
.  495'70, 

29917:1, 

41lti77, 

299  74. 

498  7H. 

3(»0  72, 
.  498  79. 

299  75, 
.  49«  78, 
.  298174. 

500;86. 
.  300  80. 

50184. 

298:82, 
.  496  83. 
.  298  80, 
.  499  83. 

298  82, 
.50186, 
.  299  82, 
.  496  76, 
.  300  78. 

497  84. 
.  295  81. 
.  499  81. 

296  79, 
.494  76. 

299  74, 

498  82, 
20978, 


b».  P. 
860  46. 
290  31 

870  47. 
286  25. 
130  48. 
8ti0  24. 
980  46. 
570  18. 
I 

590  44. 
.".70  21. 
050  44. 
430  20. 
870  46. 
710  24. 
100  47. 
140  2a. 
620  47 
820  23. 
380  46. 
430  15. 
770  48. 
86018. 
790  52. 
280  40. 
670  53 
710  34. 
420  52. 
710  40. 
930  53 
570  37. 
190  50. 
430  22. 
424  54. 
6U0  25. 
590  52. 
470  36 
840  52. 
710  24 
770  .M. 
570  37. 
970  52. 
710  27. 


et.  P.et 
97  29.  45 
43  23.0  I 
69  29.  35 

71  18.  50 
19  30.  25 
29  17.  58 
43  26.  40 
57  12. 25, 

!  I 

39  26.  65 
43  1  <.  25 
10  26.60 
00  12.25 
82  20.  70; 
2!)|I8  58 
69  28.  10 
7l!l8.50 
18127.  86 
93il8.  58 
66:27.  75i 
71 1 13.  92 

72  30.  45, 


57 
55 
85 
3 


13.  50. 

27  80! 
19.33, 

28  75 


29117.25; 
8.i|2H.  40 
00  27. 17| 
27.  65, 
19.50 
28.35 
15.42 
31.15 
15.92 
27. 75 

19.  00 
•^9  30 
18.17 
31.  05; 

20.  83 
29.  85l 
16.85 


06 
14 
76 
86 
92 
35 
06 
76 
55 
64 
69 
14 
31 
14 


496  76,680  54.40 
294  79, 410  39.  71 


.49579. 
.29872, 
.498  75. 
299  74, 
498  70. 
.29971, 
.  497  72. 
.296  70, 

496  78, 
.29871, 

497  69 
298  70, 

.  499  72, 
.296  72. 
.  498  76. 
.299  75, 


580,55. 
43024. 
230  60. 
57025. 
97458. 
000  35. 
99061. 
ir»0  40. 
050  65. 
29040. 
123161. 
000  38. 
240  60. 
320  36. 
050;55. 
710l24. 


73 
29 
GO 
71 
97 
71 
89 
58 
38 
00 
34 
67 
20 
23 
90 
29 


28.60 
19.58 


30.00 
19.92 
:{3. 80 
17. 25 
33.70 
22  25 
37.45 
26.25 
32.05 
20.33 
34.75 
27. 75 
28. 40 
•22.  8:j 
31.70 
16.68 


Bemarks. 


4i 

o 
bo 

a 

o 
% 

5 

%^ 
o 

s 

a 

I 


\  Additional  testa  made. 
Do. 

Do. 

Top  billet  it^ected  and  additional  testa 
made. 

Top  billet  rejected  and  additional  testa 
made. 

Do. 
Additional  tests  made. 
Do. 

Do. 

Top  billet  rejected  and  additional  tasta 
made. 

Do. 
Do. 
Do. 
Do. 
Do. 
Do. 


)  Top  billet  rnjected  and  additional  teste 
5     made. 


Tliese  two  tests  were  an> 
nealed  in  different  lots,    ^      ^jm  ^ 

which     probably     ac-  ^Jct^d     and 

counts  for  the  tenacity  \  JS^SJ^  ^ 

lonBlmdlnHllv      being  J^'Ji"^*! 

much  lower  than  trans-  *~"  tamum, 
versely.                         J 


)  Top  billet  r^ected  and  additional  teste 
>     made. 

(  Small  circular  flaw  in  firaci- 

\     ure. 


1 


Do. 
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Mble  oftetU  mads  of  steel  furntBhed  hy  the  Otia  Iron  and  Steel  Compamy,  ^.— Conti 


i 


I 


6 

6 
« 
6 
6 
6 
« 
6 

6 

« 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 


from 
taken. 

■*» 

^  9. 

1 

o* 

^ 

nmb«r 
which 

o 

1 

^ 
A8 

"A 

L. 

08 

T. 

69 

L. 

69 

T. 

70 

L. 

70 

T. 

71 

L. 

71 

T. 

72 

L. 

72 

T. 

73 

L. 

73 

T. 

74 

L. 

74 

T. 

75 

L. 

75 

T. 

76 

L. 

76 

T. 

77 

L. 

77 

T. 

78 

L. 

78 

T. 

79 

L. 

70 

T. 

80 

L. 

80 

T. 

81 

L. 

81 

T. 

82 

L. 

82 

T. 

83 

L. 

83 

T. 

i 


Billet.., 
...  do  .. 
— do  .. 

do  .. 

. ...do  .. 

do  .. 

....do  .. 
— do  .. 
....do  .. 

do  .. 

....do  .. 
. ...  do  . . 
....do  .. 
....do  ., 
....do  ., 
. ..  do  ., 
do  .. 

—  do  ., 

do  ., 

. . ..do  .. 

...do  .. 

do  .. 

do  .. 

....do  . 
do  ., 

—  do  .. 
....do  .. 
. ..  do  .. 
....do  .. 

do  .. 

. . .  do  . . 
. . .  .do  . . 


I 
I 

4) 

I 


ii 

••a 

«  u  u 
e  a  s 

H 


In,    Lbt. 
.  494  76, 823 
.  297  77, 000 

409  73, 980 
.  208  75. 140 

409  76, 530 
.  298  75,  570 
.  501  74, 670 
.29571,620 
.407  75,610 
.  200  72, 430 
.  406  70,  020 
.800  71,830 
.  497  76. 030 
.30073.240 
.  405  75,  360 
.  300  71, 830 
.  407  74.  740 
.209  71,430 
.  406  74.  510 
.  206  74,  200 
.  402  72,  700 
.  299  72, 430 
.  407  75,  520 
.  206  70. 870 
.  498  74, 770 
.  298  71. 142 
.  400  74, 081 
.  208  70,  'iW 
.490  74,081 
.  209  75, 140 
.409  74,440 

300  60, 440 


P.  fit 

31.50 
17.17 
i31.  75 
37. 14  20. 00 
5a  1630. 15 
35.71I1&92 
57. 85  3u.  50 
17.  66;  15.  58 
55. 67  26. 00 
27. 14  20. 4'i 
55.  44130. 85 
23.041 13.  92 
50. 80  30.  05 
2&7e]&58 
60.4133.70 
25.3516.33 
61.  34  33. 05 
24.  29 14. 08 
50.  07  29.  85 
23. 10,15.  58 
61.  05  83.  20 
31. 43  10. 08 
50.  70  32.  20 
31.  88  10.  83 
5a  07  31. 55 
30.  00  10.  33, 
60. 20  31. 35 
40. 00  27.  00, 
59.18  31.85 
30.  00  17. 58 
50. 60  32.  35 
23.  04  14  83 


Bemarks. 


t 

3 


o 
a 

f 

I 


These  tests  annealed  in  diflerantk 
Do. 


)  Top  billet  ntjected  and  additioul 
5     made. 

}        Do. 


Very  fine  flaw  of  whitish  edor  i 
fracture. 


These  testa  annealed  in  diffonotto 

Top  billet  i^ected  and  additioa*! 
made. 


Jdditional  testa  made  August  26,  1684.* 


34 

L. 

34 

T.  . 

" 

41 

L.  . 

6|  41 

T.  . 

«  !  42 

L.  . 

42 

T.  . 

43 

L.  . 

43 

T.  . 

47 

L.  . 

47 

T.  . 

48 

L.  . 

48 

T.  . 

65 

L.  . 

65 

T.  . 

71 

L.  . 

71 

T.  . 

72 

L.  . 

72 

T.  . 

a3 

L. 

83 

T.  . 

Billet. 493j81,361 

...do 208  72,000 

...do 1.40078,880 

...do .20^178,140 

...do I.490;81,900 

...do 1.300  77,320 

...do 1.498  80,871 


36 
57 


5-2. 

la 

56. 
25. 

53.  06;20.  50 
•26.7616.42 

54.  36  31. 65 


29.75' 
11.83 
12  31.  50 
7liia83 


...do 

...do 


.do 

.do 

.do 

.do 

.do 

.do 

do 

do 

Billet 

do 


207  70,  870' 14. 

.  408  82, 102(51. 

do ;.  20580, 150t22. 

95U54. 
430  20. 


.  403170, 
.  205;76, 
.  495  77, 
.  208  72, 
.400'8I, 
.  29«i72, 
.  500  82. 
.  290176, 
600  82. 
.299,76, 


500 
710 
890 
000 
65» 


430130. 
194  .05. 
140 


49  7.92 
28|29.  70 
06117.92 
45180. 05 
41119.83 
60  32. 90 
29  21.58 
53  29. 75 
71 ! 13. 67 
06  30. 15 
00]a50 
10130. 10 
25  71|14. 75 


52. 
34. 
51. 
25. 
53. 


JO  «< 
o  o 


5  S)  a 


:s  S  o 

!,  o  2 
g  «e  *• 


I AU  billets  from  ingot  34  finally  i^* 
I  Retested. 

I  Retested  and  finally  re|ected. 
i  AU  billets  from  ingot  43  finally  ttjfi 
I  Retested  and  finally  rejected. 
Retested. 

Do. 

Do. 

Do. 
I  Retested. 


1 


*These  tests  of  ten  ingots  had  to  be  repeated,  except  in  the  ease  of  Nos.  34  and  4S,  owiaf  t*< 
In  instmctions  dirooting  manner  of  selecting  specimens  for  additional  tests. 
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Additional  tests  made  in  Septemher^  1884. 


« 
^ 


L. 
T. 
L. 
T. 
L. 
T. 
L. 
T. 
L. 
T. 

L. 
T. 

L. 
T. 


L. 
T. 
L. 
T. 
L. 
T. 

L. 

T. 

L. 

T. 

L. 

T. 

L. 

T. 

L. 

T. 

L. 

T. 

L. 

T. 

L. 

T. 

L. 

T. 

L. 

T. 

L. 

T. 

L. 

T. 

L. 

T. 

L. 

T. 

L. 

T. 

L. 

T. 

L. 

T. 

L. 

T. 


Billet 
. ...clo  . 
....do . 

do 

....do 
....do 
. . .  .do 
....do 
....do 
do 

....do 
....do 

....do 
. . .  .do 


.do 
.do 
.do 
.do 
.do 
.do 

.do 
.do 
.do 
.do 
.do 
.do 
.do 
.do 
.do 
.do 
do 
.do 
do 
.do 
.do 
.do 
.do 
.do 
.do 
.do 
.do 
.do 
.do 
.do 
.do 
do 
.do 
.do 
.do 
.do 
.do 
.do 
do 
.do 
.do 
.do 


In. 

498 
.296 

499 

298 
.496 

299 
.499 
.297 
.496 


Lbs. 
75.230 
69,560 
73,622 
69,560 
74, 710 
71,000 
74,340 
68,550 
74,870 


P.etP.ci 
51. 28  29. 95 
31. 88  20. 92 
53. 57  32. 25 
30. 00 16. 42 
50. 26  31. 25 
35.71126.35 
53. 06131 
30.  44  19 


51.30 
.  292168, 960  25. 37 


.  495  79, 427 
.300  71,410 

.  498-77, 590 


51.56 
21. 13 

49.74 


35 
25 
30.55 
16.83 


30.601 
13.  93' 

30.  2o' 


.  298  71, 430  24. 29 19. 33 


.  499  77,  760  54.  08 
.  298  71,  860:25. 71 
.496  76.170  52.85 


.  299  72, 570 

.  497  76, 550 

295  72, 060 


.  499  75, 

300:74, 

.  499  77, 

299,72, 

.  499  79, 

.  297  79, 

49880, 

.  298  76, 

496,78, 

30077, 

.  498  78, 

.  297178, 

.498  82, 

.  295  71, 

49981, 

299  76. 
.499  80, 
.  290  78, 
.  499  73, 
.  298  71, 

498174, 
.  300,70, 
.  499  74, 
.299  71. 
.  499  80, 
.293  74. 
.49776, 

300  72. 
.  497  75. 
.  299,70, 
.  499,74, 
.  29669, 
.  497,75, 
.  300  70. 
.  498|74. 

300,69, 


27.14 
54.12 
36.76 


31.80 
15.  83 
32.  90: 
22. 67| 
32.  50i 
22. 08 


820  54. 
51012. 
400i52. 
710:21. 
900154. 
200  36. 
150  53. 
860  35. 
240  54. 
04035. 
46052. 
260  33. 
050148. 
09027. 
880  52. 
710132. 
920  ;50. 
000  34. 
520  52. 
710^34. 


36U 
420 
490 
860 
000 


50. 
32. 
55. 
25. 
51. 


180i28. 
850  56. 
110  28. 


360 
570 
800 
280 
567 
000 


53. 
25. 
53. 
21. 
51. 
21. 


970  52. 
010126. 


59  Z'A.  10 
67  14.  50 
04  31.  75 
4312.67 

08  32. 40 
23  20.  OOl 
85  32. 30 

71  20. 83 
40  32.95 
21  2-2.  25 
3132.50 
33  18.  08 

72  30. 70 
94  20. 17 
55  31.  05{ 
85  21.67 
00  30. 85 
2920.58 
55  32.  50 
20  26.  ^3 
2631.80 
40  23.  92 
61 33.  95 
71 17.  75 
53  31.15 
36 10. 92 
70  33.  00 
17  19.  08 

09  32.  50 
71124.25 
06.32. 15 
7415.00i 
03  32. 20 
13  16.  83 
3132.20! 
76;21. 08! 


IS 
£► 

O  • 


*  o 

fi     o 

Son 

o  o 

o*  o 

2  c  a 


Remarks. 


"i  Top  billet  rejeoted  and  bottom  of  top  bll« 
>  let  tested.    See  below. 


^  O  i) 

So 


O  C£ 


o 
a 

O 


4) 


04 

Q 


O 

a 
s 

i 


Do. 


Top  billet  rejected  and  bottom  of  top 
billet  tested. 

Do. 


} 

C  Flaw  of  brownish  color  ex- )  ip 
<     tending  across  fracture  of  >     i^, 
(    transTerse  test.  )      ^ 

I  All  billets  from  ingot  No.  42  r^ected. 


billet 
r^ected* 


Cr>'8talline  spot  {  All  billets  from  ingot 
in  fracture.      >     No.  47  rejected. 

Top  billet  rejected. 

Da  I 

Do. 

Do. 

Do. 
All  billets  from  ingot  No.  53  rejected. 
Top  billet  r^ected. 

Do. 

Do. 

Do. 
.Do. 

Do. 

Do. 

AU  billets  firom  ingot  No.  87  n^ected. 
All  billets  from  ingot  No.  40  r^eoted. 
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Original  tests  made  September  13,  1884. 


g 

£§ 

i 

43 

ingot  1 
was  tall 

1 

^ 

ber  of 

•s 

1 

1 

B 

82 

g 

B 

84 

0 

^ 

% 

10 

L. 

10 

84 

T. 

10 

85 

L. 

10 

85 

T. 

10 

86 

L. 

10 

80 

T. 

10 

87 

L. 

10 

87 

T. 

10 

88 

L. 

10 

88 

T. 

10 

89 

L. 

10 

89 

T. 

10 

90 

L. 

10 

90 

T. 

10 

91 

L. 

10 

91 

T. 

i 


Billet 

do 

do 

do 

do 

...do 

...do 

—  do 

do 

...  do 
....do 

do 

do 

do 

.  ...do 
....do 


a 

Q 


P 


et  5 

••a- 

«  an 

o 

■♦»  o  o 

«  u  u 
(3  Q  S 

H 


o  as 

Ob 

ao 
•9^ 


r 


Jn.  Xfr« 
.  497|77, 630 
.  294  {74,  120 
.  498178, 460 
299  71.  570 
.49976.530 
.  299178,  570 
.  498,77, 850 
.  297 171, 290 
.  49ri|76, 410 
.  299,73, 860 
.  497 178.  660 
.  300  74.  080 
.49680,670 
.  300  74, 370 
.  495  80,  050 
.  300:75, 210 


P. 

55. 
29. 
54. 
15. 
55. 
30. 
55, 
23. 
55. 
2i. 
54. 
23. 
5(. 
30. 
55. 
21. 


(4 

I 

I 

a 


ei.  P.  et.\ 
15134. 25 


4119. 
36'31. 
711  9. 
10  31. 
0019. 
38  32. 
1913 
38  32. 

86  la 

12  31. 
9415. 
40  31. 
9919. 
73  31. 
1316. 


50| 

9o; 

92i 
95! 
08 
85 
50 
85 
92 
00, 
92 
95; 
58! 
95 
42 


S3 

&a 

^  ft 

O* 

m 


S 


Bemarka. 


WW    I 


)  All  billets fW>m  ingot  85  rejected  vitkait 

>  [Two  slight  flaws        f iirt  her  test,  u  wd- 

across  fracture.]         ficieut  billets  ksd 

been    acorpied  ti 
fill  oontxact. 


SUMMARY. 

Allbillets  rejected  of  ingots 84, 37, 40. 42, 4S,  47, 58.© 

Top  billeto  rejected  of  Ingots 36.39,41,48,49,50,51,52,55,59,65,66,71.72.0 

Number  of  billets  manufMctured  to  fill  second  contract  (five  heats) 711 

Number  of  billets  i^ected  for  failure  in  physical  tests  to  come  up  to  specifications  of  contract....  US 

Number  of  billets  ri^eoted  for  cracks,  laps,  &c — 41 

Number  of  billets  accepted  as  satisfactory SI 


REPORT  OF  MECHANICAL  TESTS,  MADE  WITH  THE  UNITED  STATES 
TESTING  MACHINE,  CAPACITY  800,000  POUNDS,  AT  WATERTOWN  ARSE- 
NAL, MASSACHUSETTS,  FOR  THE  ORDNANCE  DEPARTMENT  U.  & 
ARMY,   WASHINGTON,  D,  C. 


TESTS  BY  TENSION:  18  OAST-STEEL  SPECIMENS  FROM  TRIAL  CYLO- 
DER;  1  OAST-STEEL  RING  FOR  INITIAL  TENSION;  4  CAST-STESL 
CYLINDERS. 

August  23,  1884. 


^o.  357. 


9 
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r 


jsj^acturt. 
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[Mark  on  bar,  1 ;  diameter,  .564  inch ;  sectional  area,  .35  square  inch.] 


Applied  loads. 


Total. 


Pounda. 

250 

500 

750 

1,000 

1,250 


Per 

square 

inch. 


Pmtndt. 
1.000 
2,000 
8,000 
4,000 


Elonga- 
tion per 
inch. 


Inch. 

0. 
. 000033 
.000083 
.000100 


Succes- 
sive elon- 
gation 
per  inch. 


Perma- 
nent set 


Inch. 
0. 
.000033  I 
.  000050 
.000017 


Inch, 
0. 


iooo\  *.w»vn\  \^w»\i\  '"'^! 


Succes- 
sive per- 
manent 
set. 


Kemarka. 


Inch. 
0. 


Initial  load. 
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Applied  loads. 


Total. 


Pounds. 
1,500 
1,760 
2,000 
2,2)0 
2.  .500 
2,750 
8,000 
3,250 
3,500 
8,750 
4,000 
4,250 
4,500 
4.750 
6,000 
6.250 
6.500 
6,750 
e.000 
6.250 
6.5<H) 
6. 750 
7.000 
7.2iV0 
7.500 
7,lhO 
8,000 
8,260 
8.500 
8,750 
9,000 
9.250 
9,.'V00 
9,750 

10,000 

10.250 
10.500 
10,750 
11,000 
11, 250 
11.500 
11,750 
12,  (KM) 
12,250 
12.500 
13.000 
13,500 
14,000 
14,  f  00 
15,000 
15, 220 


Per 

square 
inoh. 


Pound*. 
6,000 
7,000 
8.000 
9.000 
10,000 
11.000 
12.000 
13,000 
14,000 
15,000 
16,000 
17.000 
18,000 
19,0i0 
20,000 
21.000 
22.000 
23,000 
24.000 
25.000 
26,000 
27.000 
28,000 
29.000 
30,000 
31,000 
32,000 
33.000 
34.000 
35.000 
36,000 
37,000 
38,000 
39,000 

40,000 

41.000 
42,000 
43,000 
44,000 
4.S.000 
46,000 
47.000 
48,000 
49,000 
60,000 
52, 000 
54.000 
56,000 
68.000 
60,000 
60,880 


Elonga- 
tion per 
inon. 


Inch. 

.000133 

.000167 

.000200 

.000250 

.000300 

.000300 

. 000317 

.000350 

.000400 

.000433 

.00041^ 

.000500 

.000533 

.000550 

.000600 

,000617 

.000650 

.000683 

.  000717 

.000733 

.000800 

.000833 

.000850 

.  000867 

.000950 

.  000950 

.000983 

.  0010.^)0 

.  001083 

.001117 

.001150 

.  001200 

.001233 

.001267 

.  001617 

.  002883 

.003783 

.005017 

.005567 

.006383 

.006950 

.007717 

.008133 

.009200 

.009750 

.  010700 

.0133 

.0160 

.0167 

.0183 

.0200 


Sucoofl- 
sive  elnu- 

gation 
per  inch. 


Ineh. 

.000016 
.000034 
.000033 
.000050 
.000050 

0. 
.  000017 
.00<M)33 
.000050 
.000033 
.OOOOAO 
.  0(K)017 
.  000033 
.  000017 
.000050 
.000017 
.  000<i33 
.000033 
.000034 
.0UU016 
.  000067 
.  000033 
.000017 
.000017 
.000083 

0. 
.  000033 
.  000067 
.  000033 
.000034 
.  00003:) 
. 000050 
. 000033 
.  0000.34 
. 000350 
.001266 
.  0009(K) 
.001234 
.000550 
.000816 
.000567 
.000767 
.000416 
.001067 
.  00<i550 
.000950 
.0026 
.0017 
.0017 
.0016 
.0017 


Perma- 
nent set. 


Sucees- 
sive  per- 
manent 
set. 


7ne^ 


0. 


.000000 


.000017 


.000017 


.000050 


.000067 


I 


001567 


.  005367 


.008800 


Jneh. 


.000000 


.000017 


0. 


.000033 


000017 


001550 


003800 


003433 


Kemarks. 


Elastic  limit. 


Micrometer      re- 
moved. 


Ultimate  strength. 


Ftaotared  suddenly  under  the  maximam  load. 

6ENEEAL  SUMMABY. 

periflo  srraTity See  No.  17. 

ardoKAfi         • See  No.  17. 

enidle  fltrength  per  Aqnare  inch  of  original  section pounds..       60.880 

lastic  limit  per  nanare  inch  of  original  section do  ..        89,000 

longation  per  inch  after  rupture inch..    0.02 

lonsation  per  inch  under  strain  at  elastic  limit do...      .001267 

ednrtion  in  diameter  at  point  of  rupture do...      .014 

eduction  in  art-a  after  rupture,  per  centum  of  original  section 6.0 

osition  of  rupture 1.90  from  neck. 

baracterof  broken  surface granular. 

This  specimen  had  blow-holes  in  two  places,  about  .10  and  .08  inoh  diameters.    One  was  iu  sight, 
ben  liar  was  .8  inch  diameter,  one  appeared  when  bar  was  turned  down  to  finished  diameters. 
Elongation  of  inch  seotiens :  .02  inch,  .02  inch,  .02  inch,  .02  inch  (.02  inch  fractured  section),  .02  inch. 
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PWa^H 


Fmoba^/ 


/^ 


T 
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[Mark  on  bar,  2 ;  diameter,  .564  inch;  flectional  area,  .25  aqnare  inch.] 


Applied  loads. 


Poundt. 

250 

500 

750 

l.OM 

1,250 

1,500 

1,750 

2,000 

2,250 

2,500 

2,750 

3,000 

3,250 

8,500 

3,750 

4,000 

4,250 

4,500 

4,  750 

5,000 

5,250 

6,500 

5,750 

6,000 

6,250 

6,500 

6,750 

7,000 

7,250 

7,500 

7,750 

8,000 

8,250 

8,500 

8,750 

9,000 

9.250 

9,500 

9,750 

10,000 

10,200 

10,500 

10,750 

11, 000 

11,250 

11,500 

11,760 

12. 000 

12,250 

12,500 

13, 000 

18,500 

14,000 

14.500 

15,000 

15,500 

16, 000 

16,500 

17,000 

17,600 

18.000 

18,280 


Poundt. 

1,000 

2,000 

8,000 

4,000 

5,000 

6,000 

7,000 

8.000 

9,000 

10,000 

11,000 

12,000 

13,000 

14,000 

15,000 

16.000 

17,  000 

18.000 

19.000 

20,000 

21,  000 

22.  000 
23.000 

24.  000 

25.  000 

26.  000 
27,000 
28,000 
29,000 
30. 000 
31.000 
32, 000 
33.000 
34,000 
35.000 
36,000 
37,000 

38,  000 

39,  000 

40,  000 
41,000 
42.000 
43.000 
45,000 
45.  000 
46,000 
47,  000 
48,006 
49,000 
60,000 
52,000 
64,000 
66,000 
58,000 
60,000 
62,  000 
64,000 
66,000 
68,000 
70,000 
72,000 
73, 120 


Elonfra- 

tion  per 

inco. 


Inch. 

0. 
.000033 
.000050 
.000967 
.000100 
.000133 
.000150 
.000167 
.  000200 
.000233 
.000283 
.000317 
.000350 
.000383 
.000417 
.  0<i0450 
.000483 
.000500 
.  000533 
.  0005H3 
.  000017 
.  000050 
.000083 
.000700 
.000717 
. 000783 
.  000800 
.  000850 
.  000867 
.000883 
.000950 
.000967 
.001000 
.  001033 
.  001083 
.001133 
.001167 
.  001200 
.001233 
.001207 
.001300 
. 001350 
.001383 
.  001450 
. 001550 
.  00^2050 
.  002317 
.002967 
.003760 
.004467 
.0050 
.0067 
.0088 
.0100 
.0108 
.0117 
.0133 
.0142 
.0150 
.0158 
.0183 


Snoces- 
aive  elon 

gation 
per  inch. 


\ 


Inch. 

0. 
.000033 
.000017 
.  000017 
.  000033 
.  000033 
.00r017 
.  000017 
.  000033 
.  000<»33 
.000050 
.  000034 
.000031 
.0000.33 
.000034 
. 000033 
. 000033 
.000017 
.  000033 
.  000050 
. 000034 

.  oooo:« 

.  000033 
.000017 
.00<i017 
.000066 
.000017 
.000050 
.0000)7 
.  000016 
.0000  7 
.  000017 
.  000033 
. 000033 
000050 
.000050 
.0000.S4 
.000033 
. 000033 
. 000034 
.000033 
.  OOOO.iO 
.000033 
.  000067 
.  000100 
.  000500 
.  000267 
.000650 
.000783 
.  000717 
.000533 
.0017 
.0016 
.0017 
.0008 
.0009 
.0016 
.0009 
.0008 
.0008 
.0025 


Perma- 
nent set. 


Snocea- 
sive  per- 
manent 
set. 


In^. 
0. 


0. 


0. 


0. 


0. 


.000033 


.000033 


.000083 


000050 


.000183 


.002660 


JncA. 
0 


.000033 


0. 


0. 


.000017 


.000133 


.002467 


Initial  load 


Blastio  limit. 


Hioiometer 
moved. 


Xntimataitnogt^l 
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GBNBBAL    SUMMARY. 
BograTlty 

le  strengtli  per  aqiuire  inch  of  ori^nal  section ponnds..         73,120 

o  limit  per  sonare  inch  of  original  section do...         43,000 

ation  per  inch  after  rapture inch..      0.02 

;»Uo&  per  inoh  under  strain  at  elastic  limit do...        .001888 

sUon  in  diameter  at  point  of  mptare do...       .014 

stion  in  area  after  Tuptare,  per  centum  of  original  section 6.0 

on  of  rupture ' 25  inch  lh>m  neok. 

ctor of  broken  surface ,, granular. 

re  were  two  small  blow-boles  in  this  bar,  both  of  which  were  turned  out  when  the  bar  was  re- 

to  .00  inch  diameter. 

igation  of  inch  sections :  .02  inch,  .02  inch,  .01  inch  (.03  inch  firaotured  section),  .02  inch,  .02  inch 


No.  359. 


trCJi^^ 
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[Mark  on  bar,  3 ;  diameter, .  564  inch ;  sectional  area, .  25  square  inch.] 


Applied  loads. 


Pottndf. 

250 
1.250 
2,500 
3,750 
5,000 
5,250 
5,  5(H) 
5,750 
6,000 
6,250 
6,500 
6.750 
7,000 
7,250 
7,500 
7,750 
8.000 
8.250 
8,500 
8,750 
9,000 
0.250 
0,500 
0,750 
10,000 
10.250 
10,500 
10.750 

li.ooa 

11,250 
11,600 
11,750 
12,000 
12.250 
12,500 
12,760 
18,000 
18,260 
18,600 
18.760 
14,000 
14,260 


Per 

square 
inch. 


1,000 
5,000 
10, 000 
15,000 
20,000 
21, 000 
2*2.000 
23.000 

24,  000 

25,  000 
26,000 

•  27.000 
28,  000 
29,000 
30, 000 
31,  000 
32,000 
33,000 
34,000 
35, 000 
36.  00<) 
87,000 
38,000 
39,000 
40,000 
41,000 
42,  OOO 
43,000 
44,000 
45,000 
46^000 
47,000 
48,000 
49,000 
50,000 
51,000 
52,000 
63.000 
54,000 
55,000 
66,000 
67.000 


EloDfira- 

tion  per 

incn. 


Inch. 

0. 
.000117 
.  00C'?H3 

.  oo04:« 
.  ooosK] 

.  000617 
.000050 
.  000(KJ7 
.  000700 
.  0007:i3 
. 000767 
.  OOOHOO 
.  OOOWl 
.  000807 
.000917 
.  0009:^3 
.000967 
.  001  OIK) 
.<;'510fi7 
.(K'llOO 
.001133 
.0011.50* 
.001183 
.  001 2:w 
.  001267 
.  001300 
.001333 
.001367 
.001417 
. 001450 
.  001483 
.  001517 
.001567 
.001633 
.  002033 
.  002133 
.002383 
.002633 
.003133 
.008533 
.004083 
.004360 


Sucoes- 
sive  elon- 
gation 
per  inch. 

Perma< 
nent  set. 

Saco4>s- 
sive  per- 
manent 
set. 

Remarks. 

Inch. 

0. 
.000117 
.000166 

Inch, 
0. 
0. 
0. 
0. 
0. 

Inch. 
0. 

Initial  load. 
Elastic  limit 

.  000150 

.000150 

.000034 

.000033 

. 000017 

. 000033 

.000033 

0. 

. 000034 

.  000033 

.  000033 

.0000.34 

.000050 
.000016 

.000017 

.000017 

.000034 

.000033 

.000067 

.  000033 
.000033 

.000017 

0. 

.000017 

.000033 

.000050 

•••••••••. 

.000034 
.000033 

.000033 

.000016 

.000033 

.000034 

.000050 

.000033 
.000033 

.000050 

.000017 

.000034 

.000050 

.000066 

.000400 
.000100 

.000433 

.000388 

.000250 

.000250 

.000500 

.000400 
.000550 

.001633 

.001200 

.000267 
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Applied  loads. 

Elonfi^ 

tion  per 

inch. 

Sacces- 
siTe  elon- 

fCation 
per  inch. 

Penna. 
nent  set 

Snoces- 
sive  per- 
manent 
set.   . 

Total. 

Per 

aqaare 

inch. 

Pounds. 
14.500 
14,750 
15,000 
15,500 
16,000 
16,500 
17,000 
17,500 
18.000 
18,500 
19.000 
19,500 
20.000 
20, 500 
21,  000 
21,500 
22,000 
22,500 
23,  000 
23,500 
24,000 
24,360 

Pounds. 
58.000 
59,000 
60.000 
62,000 
64,000 
66,000 
68,000 
70,000 
72, 000 
74, 000 
76.  000 
78,000 
80,000 
82.000 
84.000 
86,000 
88,000 
90,000 
92.000 
94. 000 
96,000 
97,440 

Inch. 

.004917 

.005333 

.  006217 

.0067 

.0075 

.0092 

.0108 

.0125 

.0133 

.0150 

.0167 

.0183 

.  0200 

.  0217 

.  0  .'33 

.02.50 

.0283 

.0317 

.0333 

.  0367 

.0417 

Jneh. 

.000567 

.000416 

.000884 

.000483 

.0008 

.0017 

.0016 

.0017 

.0008 

.0017 

.0017 

.0016 

.0017 

.0017 

.0016 

.0017 

.0033 

.0034 

.0016 

.00.34 

.0050 

Inch. 

Inch. 

Micrometer      re- 
moved. 

.003967 

.002334 

•  *«««A»i>a* 

Ultimate  strength. 

■-- 

'"**""**** 

GENEBAL  SUMMARY. 

Specific  f^ravity 

Hardness   

TennilH  strength  per  square  inch  of  orisinal  section ponnds . .       9 

Elastic  limit  per  squarn  inch  of  original  section do H 

Elongation  per  inch  after  mptnre      inch..    0.a 

Elongation  per  inch  auder  strain  at  elastic  limit do (N 

Reduction  in  diameter  at  point  of  rnptiii-e do ff 

Redaction  in  area  after  rupture,  per  centum  of  original  section 

Position  of  rupture 65  inch  from 

Character  of  broken  snrface graai 

Elongation  of  inch  sections :  .03  inch.  .03  inch,  .03  inch,  .03  inch,  .05  inch  (.05  inch  fractared  sscti 


No.  360. 


■1     I  'I     ■     I     ■  ^ 


PtOJBtvar^. 
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[Mark  on  bar,  4 ;  diameter,  .564  inch ;  aectional  area,  .25  square  inoh.1 


Applied  loads. 


Total. 


Pounds. 
250 
1,250 
2.500 
3,750 
5,OiiO 
5,250 
6.500 
5,750 
6,000 
6,250 


Per 

square 

inch. 


Pounds. 
1,000 
5,000 
10,000 
15,000 
20.000 
21.000 
22,000 
23,000 
24,000 
25,000 


Elonga- 
tion per 
inch. 


Inch. 

0. 
.000117 
.  000283 
.  000400 
.  00t).S67 
.000600 
. 000633 
.  0006.10 
.OOQ«K% 

.own  VI 


Succes- 
sive elon- 
gation, 
per  inch. 


\ 


Inch. 

0. 
.000117 
.000166 
.000117 
.000167 
.  OOOiKiS 
.000033 
.000017 
.Q0QQ33 
«0^ilO^^V 


Sacces- 
Perma-    sire  per- 


nent  seL 


Inch. 
0. 
0. 
0. 
0. 
0. 


^. 


manent 
set. 


Inch. 
0. 


Remarks. 


Initial  Load. 
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Applied  loads. 


TotaL 


PoutuU, 

8.SO0. 

fi.750 

7,000 

7,260 

7,500 

7,750 

8.000 

8,260. 

8,600 

8,750 

9,000 

0.250 

0,600 

0,760 

10,00U 

10,250 

10,500 

10,760 

11,000 

11,260 

11,500 

12,000 

12,500 

13.000 

13.500 

14,000 

14,500 

15,000 

15,500 

10,000 

16,500 

17,000 

17,500 

18,000 

18,500 

10,000 

19.500 

20,000 

20,600 

21,000 

21.600 

21,600 

16,600 


Per 

sqaare 
inch. 


Poundt. 
26,000 
27,000 
28.000 
29,000 
30,000 
31.000 
82,000 
33,000 
34.000 
35,000 
30,000 
37,000 
38,000 
39,000 
40.000 
41,000 
4*2, 000 
43,000 
44.000 
45.000 
46.000 
48.000 
50.000 
52,000 
54,000 
56,000 
58,000 
60,000 
62,000 
64,000 
66,000 
68,000 
70,000 
72,000 
74,000 
76,000 
78,000 
80.000 
82.000 
84,000 
86,000 
86,400 


Elonga- 
tion per 
inch. 


Inch. 

.000783 

.00U80U 

.000833 

.0008(J7 

.000900 

.000967 

.001000 

.001033 

.001067 

.  001100 

.  001167 

.  001217 

.001283 

.001533 

.004633 

.004067 

.005467 

.006133 

. 007217 

.  007717 

.0083 

.0100 

.0117 

.0133 

.0150 

.0187 

.0183 

.0217 

.0233 

.0267 

.0283 

.0333 

.0350 

.0400 

.0433 

.0500 

.0583 

.0650 

.0783 

.0950 

.1250 

.1450 


I  Sacces- 
give  elon- 
I  gatioo 
per  inch. 


Inch. 

.000066 

.000017 

.000033 

.000034 

.000033 

.000067 

.000033 

.000033 

.000034 

.000033 

.000067 

.000050 

.000066 

.000250 

.  003100 

.000334 

.000500 

.000666 

.  001084 

.000500 

.000583 

.0017 

.0017 

.0016 

.0017 

.0017 

.0016 

.0034 

.0016 

.0034 

.0016 

.0050 

.0017 

.0050 

.0033 

.0067 

.0083 

.0067 

.0133 

.0167 

.0300 

.0200 


Perma- 
nent set. 


Snoces- 
sive  per- 
manent 
set. 


Inch. 


.000017 


.000050 


.003217 


Inch. 


.000017 


.000033 


.003167 


.006067 


.002850 


Remarks. 


Elastic  Umit. 


Micrometer 
moved. 


re- 


Ultimate  strength. 
Load  at   time   of 
fractore. 


GENERAL  SUMMARY. 

rifle  grarity 

Iness 

lile  strength  per  nquare  inch  of  original  section pounds..       86,400 

ttic limit  per  so nare inch  of  original  section do...       35,000 

igation  per  inch  after  rupture     inch..    0.1483 

igation  per  inch  under  strain  at  elastic  limit do...      .001100 

notion  in  diameter  at  pi>int  of  rupture do. . .      .  084 

notion  in  area  after  rupture,  per  centum  of  original  section 27.6 

itionof  rupture 1.20  Inches  from  neck. 

racter  of  broken  surface granular,  60  per  cent. ;  dull  smoky,  40  per  cent. 

he  metal  separated  first  at  the  dull  smoky  section.    Seven  small  cracks  developed  along  the  sorfiaoe 

he  stem. 

tongation  of  inch  sections:  .11  inch,  .14  inch,  .13  inch,  .14  inch  (.16  inch  fractured  section,  .21  inch). 
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[Mark  oa  bar,  6 ;  diameter.  .564  inch ;  seotional  area,  .25  square  inch.] 


Applied  loads. 


Poundt. 

250 

1,250 

2,500 

3,750 

5,000 

5,250 

5,500 

5,  76  t 

6,000 

6,250 

6,500 

6,750 

7,000 

7,260 

7,500 

7,750 

8,OU0 

8,2.')0 

8,  500 

8,750 

9,000 

9,250 

9,500 

9,750 

10, 000 

10,  250 

10,500 

10,750 

11,000 

11,250 

11,500 

11,750 

12,000 

12,  250 

12,  500 

13,000 

13,500 

14,000 

14,  500 

15, 000 

15, 500 

16, 000 

16,500 

17,000 

17,500 

18,000 

18,  500 

19,000 

19,500 

20, 000 

20,500 

21,000 

21,500 


Pounds. 

1, 000 

5,000 

10,000 

15,000 

20,  000 

21,  000 
22,000 
23,000 

24,  000 

25,  000 

26,  000 
27,000 
28,000 
29,  000 
30, 000 
31,000 
32,  000 
33,000 
34, 000 
35.  000 
36, 000 
37,000 
88,000 
39,000 
40,000 
41,000 
42,000 
43, 000 
44,000 
45.000 
46,000 
47,000 
48. 000 
49,000 
50,000 
52, 000 
54,000 
56,000 
58,000 
60,000 
62,(00 
64,000 
66,0<K) 
68,000 
70,000 
72,000 
74,000 
76,  000 
78,000 
80,000 
82,000 
84.000 
86,000 


Inch. 

0. 
.000067 
.000217 
.000400 
.000533 
.000583 
.000617 
.000650 
.000667 
.000717 
.000733 
.000800 
.000833 
.  000807 
.000883 
.  0009i)0 
.000983 
. 001033 
.001083 
.001117 
.001167 
.  001233 
.001467 
.001917 
.005267 
.005567 
.  006167 
.006800 
.  0076:<3 
.  008383 
.008083 
.009700 
.  010667 
.011467 
.012333 
.0133 

.  oi.-o 

.0183 
.0200 
.0217 
.0250 
.0283 
.0300 
.0350 
.0383 
.0417 
.0467 
.0533 
.0600 
.0700 
.0817 
.1000 
.1367 


Succes- 
sive elon- 

f^aiion 
per  inch. 


JneK. 

0. 
.000067 
.  000150 
.000183 
.000133 
.  000050 
.  0000:i4 
.  000033 
.000017 
.  0000.^0 
.  000016 
.0001167 
.000033 
.000034 
.000016 
.000067 
.000033 
.000050 
.000050 
.000034 
.000050 
.000066 
.  000234 
.0004.'>0 
.003150 
.000300 

.rooooo 

.000633 

.000833 

.000750 

.000600 

. 000717 

.000967 

.000800 

.000866 

. 000967 

.0017 

.0033 

.0017 

.0017 

.0033 

.0033 

.0017 

.0050 

.0o:<3 

.0034 

.0050 

.0066 

.0067 

.0100 

.0117 

.0183 

.0367 


Perina- 
Dent  set. 


Inch. 
0. 
0. 
0. 
0. 
0. 


0. 


Suooes- 

slve  pei^ 

manent 

set. 


Indk. 
0. 


Remarks. 


Initial  IomL 


0. 


.000067 


.003867 


.006700 


.000067 


.003800 


.002833 


Elaatio  limit. 


Hicrometer 
moved. 


re- 


Ultimate  streDcth. 


Speciflc  gravity. 
Hardness 


GENERAL  ST7MMABY. 


Tensile  strength  per  square  inch  of  original  section poands. . 

Elastic  limit  per  HouHre  inch  of  original  section da  .. 

EloDgaiion  per  inch  aftei- rupture inch.. 

Elongation  per  inch  under  strain  at  elastic  limit do... 

Beiluction  in  dianiet^^rut  point  uf  rupture do . 

Redaction  in  area  after  rupture,  per  ueutum  of  original  section ^* 

Position  of  rapture SinchfroajJJJ 

Ciiaracterof  broken  aurfaoe i;c%iiu\«T^  00  per  cent.;  dull   spongy,  40  per  oent.    S«tvb  **" 

<&Y«&>L%  ^w^Vs^kA  ^«(\^\.\x«^  %urfaoe  of  the  stem. 

JElongaUon  of  indh  aeotlona-.  .U^^ib,  A.VVnic^'b,  .\VNaM^\VN5Miv»  ."^S^Va.^V^&VswSiwtsyatoindsi**'"'^ 
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p.flU?tM^' 


[Mark  on  bar,  6 ;  diameter, .  584  inch  ;  sectional  area, .  25  square  inch.] 


Applied  loads. 

Elnnf^a- 

Uon  per 

inch. 

Inch. 

Snccea- 
sive  elon- 
gation 
per  inch. 

Total. 

Per 

square 

inch. 

Poundt. 

Poundi. 

Inch. 

250 

1,000 

0. 

0. 

1,250 

5,000 

.000100 

.  000100 

2,500 

10,000 

.000283 

.000183 

8.750 

15.000 

.000417 

.000134 

5.000 

20.000 

.000167 

.000150 

5.250 

21.000 

.000600 

.000033 

5,500 

22,000 

.000633 

.000033 

6.750 

23.000 

.000667 

.000034 

e.000 

24.000 

.000700 

.00  033 

6,250 

25.000 

.000750 

.  0000.50 

6,500 

26.0<K) 

.000783 

.  00<i033 

6.750 

27,000 

.  000817 

.000034 

7,000 

28,000 

.  000850 

.000033 

7,250 

29,000 

.  000KH3 

.000033 

7,500 

30,000 

.000933 

.000050 

7,7SO 

81,000 

.00<i967 

.000034 

8.000 

32. 000 

. 001000 

.  000033 

8.230 

33, 000 

.  001033 

.000033 

8.-^00 

84.000 

.001083 

.000050 

8,760 

85.000 

.001117 

.  000034 

9,0(i0 

36.000 

.001167 

.000050 

0,250 

37.000 

.001200 

.000033 

9,  .'WO 

38,000 

.  001250 

.00OO.V) 

9.750 

39.  IKK) 

.  001333 

.  000083 

10.000 

40.000 

.  002350 

.001017 

10.250 

41,000 

.004833 

.002483 

10.500 

42.000 

.005.'>50 

.000717 

10,750 

43,000 

.006000 

.000450 

11.000 

44,000 

. 006017 

.  00!»017 

11,250 

45.000 

.  0079ri0 

. 001033 

11.500 

46,000 

.008383 

.000433 

11,750 

47.000 

.008000 

.0OOM7 

12.000 

48.  000 

.009633 

.000733 

12,250 

40,000 

. 010367 

.  0007:H 

12.500 

50.000 

.011200 

.  000833 

13,000 

52,000 

.013067 

.001867 

13.600 

54.000 

. 014633 

.001566 

14, 000 

50,000 

.016633 

.  002000 

14.500. 

58.000 

.018817 

.002184 

15.000 

60,000 

.  020883 

.  0O2U66 

15,  500 

62, 000 

.0225 

.  001617 

16.000 

64.000 

.0250 

.  0<'25 

16.500 

66.000 

.0287 

.0017 

17,000 

68,000 

.0300 

.0033 

17,500 

70,000 

.0317 

.0017 

18,000 

72.000 

.0350 

.0033 

18.500 

74,000 

.0400 

.0050 

19.000 

76.000 

.0467 

.0067 

19.500 

78,000 

.0500 

.0033 

20,000 

80.000 

.0583 

.0083 

20.  COO 

82,000 

.0050 

.0067 

21.000 

84.000 

.0750 

.  0100 

21.500 

86.000 

.0900 

.01.50 

22,000 

88,000 

.1217 

.0317 

22.200 

88.800 

.1567 

.0350 

21,600 

Perma- 
nent set 


Inch. 
0. 
0. 
0. 
0. 
0. 


000017 


Succes- 
sive per- 
manent 
set. 


Jneh. 
0. 


.000017 


000033 


000067 


001067 


006250 


000300 


.000016 


.000034 


001000 


006188 


003060 


Bemarks. 


Initial  load. 


Elastic  limit. 


Micrometer 
moved. 


re- 


TTItimate  strength. 
Load   at  time   of 
fracture. 


GENTERAL  SUMMARY. 

flo  gravity 

ness    .' 

Ue  strens^th  per  square  inch  of  original  section    pounds.. 

4c1imit  per  SI] iiare  inch  of  ori;(inaT  section. do  ... 

jition,  uicimate inch.. 

ration  p*^rinch  at  elastic  limit ...do.... 

ction in di bmeter.  ultimate  — ...  do  ... 

rtion  in  arva  after  rupture,  per  centum  of  original  section —     

ion  of  rupture 60  inch  from  middle  of  stem. 

acter  of  broken  surface granular,  with  a  dull  spot  (.39  per  cent,  of  surface)  %X,  oVtQ\i\ni«t«\kQA. 

tngatton  of  inch  sections:  .12Jno2i,  .17 inch  .16  inch  (.26  inch  fraotorod  aooUon)^  .\%Vii&\^  ."VbYA.^. 


88.800 

87.000 

0. 1717 

.001200 

.064 

2L4 
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i*Tr 


Yrof*^* 


-^ 


[Mark  on  bar,  7:  diameter,  .564  inch ;  sectioniU  area,  .25  aqaare  inch.] 


ill 


"ti",'!' 


Applied  loads. 


Pounds. 

250 

1,250 

2,500 

3,750 

5,000 

5,250 

5,500 

5,750 

6,000 

6,250 

6,500 

6,750 

7,000 

7,2o0 

7,500 

7,750 

8,000 

8,250 

8,500 

8,750 

9.000 

9.250 

9,500 

9,750 

10,000 

10. 250 

10,500 

10,750 

11,000 

11,  250 

11,500 

11,750 

12,000 

12, 250 

12,500 

13,  000 

13, 500 

14,000 

14,500 

15,  000 
15,500 

16,  000 

16,  500 

17,  000 
17,600 

18,  OCO 

18,  500 
10,000 

19,  500 

20,  000 
20, 350 


Pounds. 

1,000 
6,000 
10,000 
15,000 
20,000 
21,000 
22.000 
23,000 
24,000 
25.000 
26,000 
27,000 
28.000 
29,000 
30,000 
31,000 
32.  000 
83,000 
34,000 
35, 000 
36,  000 
37,000 
38,000 
39,000 
40,000 
41,000 
42,000 
43.000 
44,  000 
45,000 
46,  000 
47,000 
48,000 
49.000 
50,  000 
52,000 
54,000 
56.000 
58,000 
00,  000 
62,000 
64, 000 
66,000 
68, 0(»0 
70,000 
72,  000 
74,000 
76,  000 
78,  000 

80,  0<)0 

81,  400 


Elonga- 
tion per 
incn. 


Inch, 

0. 
.000100 
.  000200 
.000367 
.  000517 
.  0005.')0 
.  000583 
.000633 
.000650 
.  000667 
.000700 
.000733 
.000767 
.000800 
.000833 
.  000867 
.  000933 
.000967 
. 001000 
.001033 
. 001100 
.001217 
.  001400 
.001633 
.002000 
.002383 
.002717 
.002900 
. 003300 
. 003717 
.004317 
.004883 
.006667 
.  006217 
.  006983 
.  008467 
.000667 
.  011033 
.  012560 
.  014700 
.0167 
.0183 
.0200 
.0233 
.  0250 
.  0267 
.0300 
.0317 
.0350 
.0400 


I 


Snocefi-  I 
sive  elon-r  Perma- 

gatiou     nent  set. 
per  inch,  i 


Inch. 

0. 
.000100 
.000100 
.  000167 
.000150 
.000033 
.000033 
.OOOOM) 
.000017 
.  000017 
.000083 
.000033 
.000034 
.000033 
.000033 
.000034 
.000066 
.  000034 
.000033 
.000>'33 
.000067 
.000117 
.  0001  f'3 
.000233 
.  000367 
.000383 
.000334 
.000183 
.000400 
.  000417 
.000600 
.000566 
.000784 
.  000550 
.000766 
.001484 
.  001200 
.  001366 
. 001517 
.002150 
.00:^0 
.0016 
.0017 
.0033 
.0017 
.0017 
.  0033 
.0017 
.0033 
.0050 


Inch. 
0. 
0. 
0. 
0. 
0. 


0. 


0. 


0. 


.000750 


.  002317 


.005217 


Sacces- 

aive  per- 

roanent 

set. 


Remarks. 


Intth. 

0. 


InltiAl  load. 


.000750 


.001567 


.002900 


ElMtio  limit. 


Micrometer      re- 
moved. 


Ultimate  strength. 


GENERAL  SUMMARY. 

^>eciflo  gravity 

Slardness 

Tensile  Btrength  per  square  inch  of  original  section ponnds..      0.9 

Elastic  limit  ptTsonare  inch  of  original  section do...      Ji* 

Elongation  p«r  inch  aft*ir rupture inch.,    ft** 

Elongation  per  inch  under  strain  at  elastic  limit do..     .W^* 

Eednction  in  diann^ter  at  point  of  rupture do . .    . W* 

Reduction  in  area  after  rupture,  per  centum  of  original  section ^' 

Position  of  rupture 60  inch  from  middle  fi^***f 

Character  of  broken  surfnoe    pav^- 

Xlongatioi]  of  Vncli  aecUona*.  .0^  Vnc\i,  M  Vnoh,  .03  inch  (.05  inch  fractured  section),  .07  inch,  .M  ia^ 
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rk  on  bar,  8 ;  diameter,  .504  inch ;  sectional  area,  .25  square  Inch ;  har  has  blow-hole  In 

inch  diameter.] 


Applies 
Total. 

Pounda. 

25U 

1,250 

2,500 

3,760 

6,000 

5.250 

5,500 

6.750 

6.000 

6,250 

6.500 

6.700 

7.000 

•     7,250 

7,500 

7,750 

8,000 

8.250 

8,500 

8.750 

9,000 

0,250 

9.500 

9,750 

10,000 

10,250 

10,  ."HH) 

10,750 

11,000 

11.250 

11,500 

11.750 

12,000 

12,250 

12.500 

13.000 

13.600 

14,000 

14.500 

15.000 

15,500 

16.000 

16.500 

17. 000 

17.600 

18,000 

18.500 

19,000 

19,500 

20,000 

20.500 

21.000 

21, 010 

1  loads. 

Per 

square 

iiich. 

Poundt. 
1,000 
5,000 
10,000 
15.000 
20,000 
21,000 
22,000 
23,000 
24,000 
25.000 
26.000 
27.000 
28,000 
29,000 
30,000 
31,000 
32,000 
33.000 
34,000 
35,000 
36.000 
37,000 
38.000 
30,000 
40,000 
41.000 
42.000 
43.000 
44.000 
45.000 
46,000 
47,000 
48,000 
49,000 
60,000 
52.000 
54,000 
66.000 
68.000 
60,000 
62,000 
64,000 
66.000 
68.000 
70,000 
72,000 
74,000 
76.000 
78,000 
80,000 
82,000 
84.000 
84,040 

Elonga- 
tion per 
incn. 

Sncces- 
sive  elon- 
gation 
per  inch. 

Inch. 
0. 

.ooooas 

. 000167 
.000133 
.000167 
.000017 
.000033 
.000033 
.000017 
.000033 
.000017 
.000050 

Perma- 
nent set. 

Succes- 
sive per- 
manent 
set. 

Remarks. 

Inch. 

0. 
.000083 
.000250 
.000383 
.000550 
.000567 
.000600 
.000633 
.000650 
.000083 
.000700 
.000750 
.000800 
.000833 
.000850 
.000883 
.000950 
.000983 
.  001017 
.  001033 
.  001067 
.001117 
.001150 
.001183 
.001533 
.002050 
.  00.'633 
.002967 
.003533 
. 004017 
.004407 
.004783 
.0058 
.0067 
.0083 
.0092 
.0117 
.0125 
.0133 
.0150 
.0167 
.0183 
.0200 
.0217 
.02.50 
.0283 
.0300 
.0333 
.0367 
.0400 
.0450 
.0500 

Inch. 
0. 
0. 
0. 
0. 
0. 

Inch. 
0. 

Initial  load. 

Elastic  limit. 

Micrometer      re- 
moved. 





0. 

••"•     -•••• 

•••'••■••• 

.000050 
.000033 
.  000017 

1 

0. 

.000033 
.000067 
.000033 

.000034 

.000016 
.000034 
.000050 
.000033 

.  000017 

.000017 

.000033 

.000350 

.000517 

.000583 

.000334 

.000566 

.0004f>4 

.000450 

.000316 

. 001017 

.0009 

.0016 

.0009 

.000383 

.000366 

.......... 

.002533 

.002160 

....•..••• 

.0025 
.0008 
.0008 
.0017 
.0017 
.0016 
.0017 

*  ■  «  •          •  •  ■ 

.0017 

.0033 
.0033 



.......... 

.0017 
.0033 
.0034 
.0033 
.0050 
.0050 


....   a   . 

..•••- 



"•••■ ••-• 

Ultimate  strength. 

1 

:              1 

-     .  GENERAL  SUMMARY. 

gpwiflc  gravity 

D  srdness  

rwiiltj  strength  per  sqnare  inch  of  ori^nal  section pounds 

■"WUc  limit  per  aauare  inch  of  original  section do. 

goonfation  per  incn  after  rupture Inch 

"ygatlon  per  inch  under  strain  at  elastic  limit do. 

IJJQction  in  diameter  at  point  of  rupture do. 

••J^ction  in  area  after  rupture,  per  centum  of  originnl  section 

JJJUon  of  rupture 80  inch  from  neck,  and  .60  inch  from  .^^  .„„„  „»„.,  .*«»^ 

^'^cter  of  broken  sarface ^cwo^ax. 

*^0]igation  of  inch  BOctionB :  .03  inch,  .03  inch,  .04  inch,  .06  inch,  .06  Inch  i.Qft  \iio\i  tny^nx«^«AAN^«B^. 


84,04A 
39.  CM 
0.05 
.001181 
.024 
8.4 
04  inch  blow-hola. 
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I 


rro/i^Mf 


[ICark  on  bar,  0;  diameter,  .664  inch ;  seotioDal  area,  .25  sqaare  inch.] 


Applied  loads. 


I 


TotaL 


PoufMb 

250 

1.250 

2.600 

8.750 

6,000 

6,250 

5,500 

5,750 

0.000 

6.250 

6.500 

6,750 

7.000 

7,250 

7,500 

7,750 

8.000 

8.250 

8.500 

8,760 

9,000 

0,250 

0,500 

9.750 

10.000 

10,  250 

10,500 

10,750 

ll.OUO 

11,250 

11,500 

11,750 

12,000 

12.250 

12,500 

13,  OCO 

13,500 

14,000 

14,500 

15,000 

15.500 

16, 000 

16,500 

17.000 

17.500 

18.000 

18,500 

19,000 

19.500 

20,000 

20,500 

21,000 

21,500 

21.  930 

20,800 


Per 

eqnare 

inch. 


Powndt. 
1,000 
6.000 
10,000 
15,000 
20,000 
21,000 
22.000 
23.000 
24.000 
25,000 
26,000 
27.000 
28.000 
29,000 
80.000 
31.0O0 
32.000 
83.000 
34,000 
85.000 
30.000 
37,000 
38,000 
39,000 
40,  000 
41,000 
42. 000 
'  43,000 
44,000 
4.\000 
46.000 
47,000 
48,000 
49,000 
50,000 
52,000 
64.000 
66,000 
58,000 
60,000 
62,000 
64,000 
66,000 
68,000 
70,000 
72,000 
74.000 
76,000 
78,000 
80,000 
82,000 
84,000 
86,000 
87,  720 


5!**"i?-  !  ftiv«»  elon 


tion  per 
inch. 


gatiun 
per  inch. 


Inch. 

0. 
.000067 
.000217 
,  00O367 
.  000550 
.  000567 
.000600 
.000633 
.000667 
.000700 
.000733 
.000783 
.  000817 
.  OOOS.'tO 
.000917 
.000967 
.  001000 
.001033 
.  001083 
.001133 
.0U1183 
.001267 
. 001350 
.  001650 
.  003500 
.  003817 
.004467 
.  005133 
.005700 
.006300 
.  0070.S0 
.  007700 
.  008467 
.  009200 
.0100.50 
.011650 
.  013.300 
.  01,'>383 
.017033 
.019000 
.0217 
.02:<3 
.0250 
.0283 
.0325 
.0350 
.0383 
.0433 
.0467 
.0550 
.0633 
.0717 
.0883 
.1133 


0. 
.000067 
.000150 
.000150 
.0001d3 
.000017 
.  000033 
. 000033 
.  000034 
.000033 
.000033 
.000050 
.000034 
.  0000.33 
.000067 
.000050 
.  0('003:) 
.0(K)033 
. 000050 
.000050 
.000050 
.000084 
.  000083 
.  000200 
.001950 
.  0<H)317 
.0006.50 
.000(i60 
.  000.<>67 
.000600 
.000750 
.00(1650 
.000767 
.  000733 
.000850 
.001600 
. 001650 
.  002083 
.001650 
.001967 
.0027 
.0016 
.0017 
.0033 
.0042 
.0025 
.0033 
.00.50 
.0034 
.0083 
.0083 
.0084 
.0166 
.0250 


Sucoes- 
Perma-  aive  per- 
nent  set.  manent 
set. 


Inch, 
0. 
0. 
0. 
0. 
0. 


Inch. 
0. 


1 

' 

1 

0. 

I 

****** 

.000033 

.000033 

.000117 

.000084 

.  002217 

.002100 

.004783 

.002566 

.  008217 

.003434 



1 

Bemarlu. 


Initial  load. 


Elaatio  linoit. 


Micrometer 
moved. 


Ultimate  strength. 
Load  at   time  of 
fractnie. 


GENERAL  SUMMABY. 

Bpeoiflc  grarity 

HardneRS 

Tensile  strength  per  square  inch  of  nriiiinal  section pounds..      V,\ 

Xlasticlimit  per  sqaare  inch  of  ori|;inal  section ...do....      K< 

Elongation  perinch  aftnrrnpture    inch..   tWti 

Xlongation  per  inch  nnder  strain  at  elastio  limit do ^U 

Bednctioo  in  diaiiiet<>r  at  point  of  rupture  do ••* 

Bednotion  in  area  after  rupture,  per  centum  of  original  section ,^ 

Position  of  rupture  ..  50inch  fVtm»middte"«" 

Character  of  broken  auxface. . .  .gcaitvnLVBLT^  1^  ^«c  ouux..  %  ^xk!\  %\k»l^  v^v.  vt  Qlrcamferenee,  My  mA 

Hoogation  of  Inch  aeoUona:  .W  VnoK  .^^  VswiV  .WViw^Yk.  VA.VVas3tt. tcMXxwjA.  wAiSffsfi^.  >^WsC8AA 
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No.  366. 


■Ill  ■!'   r 


vtwiA^*' 


6"  -* 

[Mark  on  bar,  10;  diameter,  .664  inch ;  aiMStioDal  area,  .258qaare  inch.] 


II     1 


Applied  loads. 


Total. 


TvwnA*. 

250 

1,250 

2.500 

3,750 

5,000 

5. 250 

5,500 

6,750 

8,000 

6.250 

6^500 

6,750 

7,0<J0 

7.250 

7,500 

7,750 

8.(HM) 

8,25U 

8.500 

8.750 

9.000 

9.250 

0,500 

9,75U 

10.000 

10,250 

10.  500 

10.750 

11.000 

11,250 

11,500 

11,750 

12.000 

12,250 

12,500 

13.000 

13.500 

14.000 

14.500 

15,000 

15,500 

16.000 

16,500 

17,000 

17.500 

18.000 

18.500 

19.000 

19,500 

20.000 

20,500 

21,000 

21.500 

22.000 

22.200 

21,000 


Per 

aqnare 

inch. 


1,000 
5.000 
10.000 
15.000 
20,000 
21,000 
22,  000 
23.000 
24.000 
25.  Ot>0 
26,000 
27.000 
2i^.000 
29.000 
30,000 
31, 000 
32,  000 
33.000 
34,000 
3.5,  000 
30.000 
37.000 
38, 000 
80. 000 
40,000 
41.000 
42,000 
43.000 
44. 000 
45,  000 
46.000 
47.000 
48,000 
49.000 
50.000 
52.000 
54.000 
56.000 
58.0(K) 
60, 000 
62.000 
64,000 
66.000 
6K.  000 
70,000 
7l',  000 
74,000 
76,000 
78.000 
80,000 
82.000 
84.000 
86,000 
88,000 
88.800 


Elonfta- 

tion  per 

inch. 


Inch. 

0. 
.000083 
.000i^67 
.000417 
.0005H3 
.000600 
.  000033 
.000667 
.  000700 
.  000733 
.000783 
. 00OK33 
.000P67 
.  000917 
. 000967 
.OOKKM) 
.00)050 
.OOlOK'f 
.001i:t3 
.001167 

.oorj:» 

.  0012^ 

.0013X3 

.00)517 

. 003217 

.003767 

.  004333 

.004783 

.  00.'>883 

. 006200 

.006800 

.  007383 

. 008300 

.  00H967 

.009700 

.01)500 

.  013267 

.0145.13 

.  016750 

.018967 

.  0208 

.0225 

.02.50 

.  0267 

.0317 

.  03.50 

.0383 

.0417 

.0483 

.  0.533 

.0600 

.0700 

.0833 

.1050 

.1283 


Saccee- 
sIto  elon- 
gation 
per  inch. 


Inch, 

0. 
. 000083 
.000184 
.000)50 
.000166 
.000017 
.  0000.^3 
.000034 
.  0004133 
.  000033 
.000050 
.000050 
.000034 
.  00(0)0 
.  0Q0050 
.  000033 
.  000050 
.  0000.13 
. 000050 
.  000034 
.  000066 
.  000050 
.000)00 
.  0001.34 
. 001700 
.  000550 
.  0(Nl5r{6 
. 000450 
.001100 
.000317 
.000600 
.  0iM)583 
.0009)7 
.  00"  6R7 
.  000733 
.00l»^00 
.00)707 
.OOl.'Ofl 
.  002217 
. 002217 
.  001833 
.0017 
.0025 
.0017 
.00.50 
.0033 
.  00.33 
.0034 
.0066 
.  0050 
.0067 
.0100 
.01.13 
.0217 
.0233 


Perma- 
nent set 


JneA. 
0. 
0. 
0. 
0. 
0. 


Succes- 
sive per- 
manent 
set 


Inch, 
0. 


0. 


Remarks. 


Initial  load. 


.  000050       .  OOOOoO 


.000100 


.001867 


.004583 


007783 


.000050 


001767 


.002716 


.003200 


Elastic  limit 


Micrometer 
moved. 


re- 


.!  Ultimate  strength. 

.1  Loail   at   time   of 

fracture. 


Hpscif 
Hardi 


GENERAL  SUMMARY. 

Ific  gravity • 

dnsag 

j^rilu  jitrength per  square  inch  of  nrisiual  noction pounds.. 

AlMtlcliinit per  i*quar«  Inch  of  original  section do  ... 

£^<NtioD per inohafter rupture .   inch.. 

jPjf  UMiou  per  inch  under  strain  at  elastic  limit do  — 

gsflnctton  in  diameter  nt  point  of  rupture do  — 

j*MQet|oQ  in  area  after  rapture,  per  centum  of  original  section 


«8.800 
37.000 
0.1283 
.001288 
.064 

p  ~~^7;>'««uij  in  Bcw  Mibor  rupvuro,  pvr  ueubuiu  ui  MiiKiusi  •o*inwu. ---.....--• --•- --  J1.4 

Ij^tloii  of  rupture 1. 30  incl^  ft^TMv^^V 

^•■•cter  of  broken  surface granular,  50  per  cent. ;  AiA\  «$o\i^  ,Tjft "^«cKnX. 

^^Q^fsi/oo  of  inch  eeotione:  .09  inch,  .11  inch,  .13  inch,  .14  inch  (.19  VucVi  trtwetuT^^^cVkOB^.^YLNaa.^- 
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No.  367. 


.. 

fz 


,'/ 


[Mark  on  bar,  11;  diameter.  .564  ineh;  Bectional  area^  .25  square  inch.] 


Applied  loads. 


Total. 


Pound». 

250 

1,250 

2,600 

8,750 

5,000 

5,250 

5,500 

5,750 

6,000 

6,250 

6.500 

6^750 

7,000 

7,250 

7,500 

7,760 

8,000 

8,250 

8,500 

8.750 

9,000 

9,250 

0,500 

9,750 

10,OOQ 

10,250 

10.500 

10,750 

11,000 

11,250 

11,500 

11, 750 

12.000 

12,250 

12,  500 

13.000 

13.500 

14.000 

14,500 

15,000 

15,500 

16,  000 

16,  500 

17, 000 

11,500 

18,000 

18,500 

19,000 

10.500 

19, 620 


Per 

sqaare 
inch. 


Pound*. 
1.000 
6.000 
10,000 
15,000 
20,000 
21,000 
22,000 
23.000 
24,000 
25,000 
26,000 
27,000 
28,000 
29,000 
30,000 
31,000 
32,000 
33,000 
34,000 
35.  000 
36.000 
37.000 
38,000 
39.000 
40.000 
41. 000 
42,000 
43,  000 
44,000 
45,000 
46.000 
47,000 
48,000 
49, 000 
50,000 
52,  000 
54,000 
56.000 
.58,000 
60,000 
62,000 
64.000 
66,  000 
68,000 
70,  000 
72,  000 
74,  000 
76,000 
78.000 
78,480 


Elonga- 
tion per 
inon. 


Sncces- 
sive  elon- 
gation 
per  inch. 


Inch. 

0. 
.000088 
.000233 
.000400 
.000567 
.000583 
.  000617 
.000650 
.000683 
.000700 
.000750 
.000783 
.000833 
.  000850 
.000900 
.000930 
.  001000 
.001033 
.  001083 
.001117 
.001133 
.001167 
.001217 
.0012P3 
.001350 
.  001683 
.002150 
.  003K33 
.  004700 
.  005300 
.  005983 
.006283 
.  007033 
.  007717 
.008633 
.009883 
.011283 
.0126.'>0 
.014133 
.  016367 
.0183 
.  0200 
.0225 
.0250 
,0267 
.0283 
.0317 
.0333 
.0367 


Inch. 

0. 
.000083 
.000150 
.000167 
.000167 
.000016 
.000034 
.000033 
.000033 
.000017 
.000050 
.000033 
.000050 
.  000017 
.000050 
.000050 
.000050 
.000033 
.0000.^ 
.000034 
.000016 
.0000.34 
.  OOUO.'JO 
.000066 
.000067 
. 000333 
.000467 
.001683 
.000867 
.000600 
.000683 
000300 
.000750 
.000684 
.000916 
.001250 
.001400 
.001367 
.001483 
.  002234 
.  001933 
.0017 
.0025 
.0025 
.0017 
.0016 
.0034 
.0016 
.0034 


Perm  a- 
nent  set 


indi. 
0. 
0. 
0. 
0. 
0. 


Succes- 
sive per- 
manent 
set. 


Inch. 
0. 


Remarka. 


Initialload. 


.000017 


.000033 


000050 


0001 00 


003717 


006750 


.000017 


.000016 


.000017 


.000050 


Elaaticlimit 


.003617 


1 


.003033 


Micrometer 
moTed. 


pe- 


TTltimate  strength. 


Specific  gravity 
Hardness 


GENERAL   SUMMARY. 


1*4 
44^« 
A  OS 
.WIS 


Tensile  strength  per  sqnare  incli  of  original  section ■ ponnds. . 

Elastic  limit  per  nanare  inch  of  original  section do. . . 

Elongation  per  inch  aft^T  rupture inch.. 

Elongation  per  inch  nnder  strain  at  elastic  limit do... 

Reduction  in  diameter  at  point  of  rupture  do...     .W 

Reduction  in  area  after  rupture,  per  centum  of  original  section \ 

Position  of  rupture 1.50  inches  fttwiM*" 

Character  of  broken  surface grsial* 

SoToral  small  blow -holes  along  the  length  of  the  stem  were  in  sight  when  the  bar  was  nraj^^ 
Tbey  all  tamed  out  except  onet. onee\v;\iX>v VueXv d&axsi«VA\^  V^ inches  from  neck. 
Bar  did  not  fractnre  at  the  V>\ow-Vio\«).  ,  .    ^  ..  ^  — 1_^ 

EloDgation  of  inch  secUona :  O.a  mcih.,  .(a\siCi\v,  .Q'iVasiV,  .^\  va^Xi.  V«^^>si^tt»»^\Nw^*«»N5«s«i^^«n* 
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No.  368. 


U 


vrcu^Mr^' 


^-  6" 

[Mark  on  bar,  12 ;  diameter,  .564  inch  ;  0ectional  area,  .25  square  inch.] 


Applied  loads. 


Total. 


Pounds. 

2i)0 

1,250 

2.500 

3.750 

5,000 

5.250 

5.500 

^750 

6,000 

6,250 

6,500 

6,750 

7,000 

7,250 

7,500 

7,750 

8,000 

8,250 

8.500 

8,750 

0.000 

9,250 

9,500 

9,750 

10,000 

10,250 

10,500 

10,750 

11,000 

11,250 

11,500 

11.750 

12,000 

12,250 

12. 500 

13.000 

13.  .500 

14,000 

14,500 

15,000 

15,500 

16.  000 

16,  .MX) 

17,000 

17,500 

18  000 

18, 500 

10,000 

19,  500 

20,000 

20.500 

21,000 

21, 500 


Per 

sqnare 

inch. 


Pound». 
1.000 
5,000 
10,000 
15,000 
2!0,000 
21,000 
22.000 
23,000 
24.000 
25.000 
26.000 
27,000 
28.000 
29,000 
30,000 
31,000 
32,000 
33,000 
34,000 
35,000 
36.000 
37.000 
38,000 
39.000 
40.000 
41,000 

42,  000 

43,  OUO 
44,000 
45.000 
46.000 
47,000 
48.  000 
49,000 
50,000 
52, 000 
54.000 
56,0OU 
58.000 
60.000 
62,  OnO 
64.000 
66.000 
68.000 
70.000 
72, 000 
74,000 
76,  OCO 
78,000 
80.000 
82,000 
84,000 
86,000 


Elonf^a- 

tion  ner 

incn. 


SnccfiB- 
sive  elon- 
gation 
per  inch. 


Ineh. 

0 
.000100 
.000267 
.000433 
.000600 
.  000617 
.000633 
.000667 
.000683 
.000717  ! 
.000767  ! 
.000800 
.000833 
.000867 
.000917 
.000933 
.000983 
.  001017 
.  001050 
.001083 
.001100 
.001133 
.001183 
.001217 
.  001267 
.001300 
.001367 
.001367 
.  0OH33 
.001500 
.0017<'0 
.002367 
.  003667 
.  004350 
.  005000 
.  006033 
.0071.^1 
.008333 
.  009700 
.010883  i 
.012333 
.013833 
.  015250 
.016667 
.018433 
.0217 
.  0225 
.0250 
.0267 
.  0283 
.0317 
.0333 


Inch. 

0. 
.000100 
.000167 
.000166 
.000167 
.000017 
.  000016 
.000034 
. 000016  i 
.000034  ; 
.  000050 
.  000033 
.  000033 
.000034 
.  000050 
.000016 
.000050 
.  000034 
.  000033 
.  0OO033 
.  000017 
.  000033 
.  OOOO.SO 
.  0000.34 
.000050 
.000033 
. 000067 

0. 
.000066 
.000067 
.  000200 
.  000687 
.001300 
.0006?<3 
. 000650 
.001033 
.001100 
.  0012U0 
.  001367 
.  001 IM3 
.  001450 
.  001500 
.001417 
.001417 
.  001766 
.  00;J267 
.0004 
.0025 
.  0017 
.0016 
.0034 
.0016 


Perm  ■ 
nentset. 


Inch. 

0. 

0. 

0. 

0. 
.000017 


.000033 


SaccMn 

sive  per 

roanent 

set. 


In^ 
0. 


Remarks. 


Initial  load. 


.000017 


.000016 


.000050 


.000050 


.000017 


.000067 


.  000017 


.000150  ,    .000083 


Elastic  limit. 


.  0032.50       .  003100 


Micromoter 
moTed. 


re- 


Ultimate  strenj^th 


GENERAL  SUMMARY. 

ecifio  gravity 

OHiDess 

naile  strength  per  square inrh  of  orifiTinnl  section pounds..        86,000 

utic  limit  per  square  inrh  of  original  section     .  do  ...        43,000. 

ingatioo  per  incD  after  ruptnre    inches..    0.035 

vngation  per  inch  nnder  strain  at  clastic  limit do .  00136T 

daction  in  diamet«>r  at  point  of  rupture     do 014 

doction  in  area  after  ruptnre,  per  centum  of  original  section 6.0 

aition  of  mptare 2.10  inches  from  neok. 

laraoter  of  broken  surface granular. 

rbere  were  two  small  blow-holes  in  sight  when  the  stem  was  1.00  inch  diameter.    Both  tnmed  out 

leu  the  bar  was  reduced  t-n  .6  inch  diameter. 

Bar  fractnred  at  a  blow-hole  .03  inch  diameter  and  one-fourth  inch  deep. 

lEloDgation  of  inch  sections .-  .02  inch,  .03  inch,  .03  inch  (.06  incb fraclntod  aectVon^^  .^  V\i<^^  .^Nxk5^ 
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No.  369. 


jLt 


^ 


Trn 


[Mark  on  bar,  13 ;  diametor,  .564  inch;  sectional  area,  .25  square  inch.] 


l!li 


Applied  loads. 


TotaL 


Poundt. 

250 

1.250 

2,500 

3,750 

5.000 

5.250 

6.5U0 

5,750 

6.000 

6.250 

6.500 

6,750 

7,000 

7,250 

7,500 

7,750 

8,000 

8,250 

8,500 

8,750 

9,000 

9,250 

9.500 

9.750 

10.000 

10.250 

10,500 

10,  750 

11,000 

11.250 

11.500 

11,750 

12,000 

12,250 

12,500 

13,  000 

13,500 

14,000 

14,500 

15.000 

15,500 

16.000 

16.600 

17,000 

17,500 

18,000 

18.500 

19.000 

10,500 

20,000 

20,500 

21,000 

20,500 


Per 

square 

inch. 


Pound*. 

1,000 

5,000 

iO.OOO 

15,000 

2a,  000 

21.000 
22,000 
23.000 
24.000 
25.  000 
26,000 
27,000 
28,000 
29,000 
30,000 
31,000 
32,000 
33,000 
34.000 
35.000 
36, 000 
37,000 
38.000 

39,  000 

40.  000 
41,000 
42.000 
43.000 
44,000 
45,000 
46, 000 
♦7,000 
48,000 
40,  000 
50,000 
52,  000 
54,000 
56.000 
58,000 
60,000 
62,  000 
64,000 
66,000 
68,000 
70,000 
72,000 
74,000 
76.000 
78,000 
80,000 
82,000 
84,000 


Blonga- 

tion  per 

inch. 


IneK 

0. 
.  000117 
.000283 
.  0004riO 
.000600 
.000617 
.000633 
.000667 
.« 00717 
.000750 
.0007^3 
.000817 
.000850 
.000883 
.000917 
.000067 
.OOIUOO 
.(01033 
.001083 
.  001 1 17 
.001133 
.001167 
.  001217 
.001233 
.  001283 
. 001300 
.001333 
.  001363 
.  001433 
.  001483 
.OOHV."}! 
.001550 
.001967 
.  0026:{3 
.004350 
.  005233 
.00«217 
.007483 
.008717 
.  010050 
.011517 
.012833 
.014400 
. 016000 
.  017967 
.  0217 
.0233 
.0250 
.  0275 
.  0->92 
.0317 
.0367 


Sacces* 
8ive«*lon- 

gation 
per  inch. 


Inch, 

0. 
.000117 
.000166 
.000167 
.000150 
.000017 
.000016 
.000034 
.000050 
.000033 
.000033 
.0000.34 
.  000033 
.000033 
.000034 
.000050 
.000033 
.000033 
.000050 
.  0000.'U 
.000016 
.000034 
.000050 
.000016 
.000050 
.000017 
.  000033 
.000050 
.0O00.')0 
.000050 
.000050 
.000017 
.000417 
.000666 
.001717 
.000883 
.000984 
. 001266 
.001234 
.  001333 
. 001467 
.001316 
.  001.567 
.001600 
.001967 
.  003733 
.0016 
.0017 
.0025 
.0017 
.0025 
.0050 


Perma- 
nent set, 


Inch, 

0. 

0. 
.000017 
.000017 
.000033 


Succes- 
sive per- 
manent 
set 


Inch. 

a 


000017 
0. 
000016 


000050  >  .000017 


.000050 


0. 


000067  i    .000017 


000083       .000016 


000117 


I    .002583 


000034 


Bcmarka. 


Initial  load. 


.002466 


Elastic  limit 


Micrometer 
moved. 


Ultimate  strength . 
Load  at   time   of 
fracture. 


Bneoiflc  gravity. 
Hardness 


GENERAL  SUMMARY. 


81< 

I7.fl 

Al 

WIS 

Oil 
& 


Tensll<'  strength  per  square  inch  of  original  section pounds.. 

Elastic  limit  per  saunre  inch  of  original  section do  ... 

Elongation  per  incn  after  rupture inch.. 

ElongHtiun  per  inch  under  ntrain  at  elastic  limit do 

Bed uci ion  in  diameter  at  point  of  rupture do 

Reductiun  in  area  after  rupture,  per  centum  of  original  section  

Position  of  rupture 35  inch  fro*  bmI 

ChAracterof  Drolien  surface granular.    Dull  spot  at  circumference,  20  per  cent.    A  niuDb«r« 

CT>«\A\a^v\.ViN«c'^  bright  facets  are  contained  in  this  doJl  ip*^ 

Elongation  of  inch  aect\oxk»:  .^^'\t\c\i,  .QiVufiV,  .^Vaj5ti^  m\\iO\;  A^\\SL^2«^V5WvT*K!wa^t«cti»>. 
Two  blow-bolea  In  sight  when  ftlem  N<ia»  v^Vach'ea^SwKnwXwtN  \»>2s^Xx«ti.^wi^>iCi«j^xs^Tii»^>fcV^ 
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No.  370. 


K. 


J^aeture 


7 


" —  « 

[Mark  on  bar,  U ;  diameter,  .664  inch ;  sectional  area,  .26  square  inch.] 


^^  ^^  ^.^  ^i™  ^ 


Applied  loads. 

—    1  Elonga- 

Per      I  tion  per 
Total.       square   .     inch, 
mcb. 


Pounds. 
25U 
1.250 
2,50U 
8,75U 
5,000 
5,2oU 
5.500 
6.75U 
6,000 
6,250 
6.ri0(i 
6,750 
7,IH)0 
7.250 
7.500 
7.750 
8,000 
8,250 
8,500 
8,750 
9,  (NH) 
9,  2.')0 
9,375 

9,500 

9,750 
10,000 
10,250 
10.  500 
10,750 
11.000 
11,250 
11,500 
11,750 
12,000 
12,250 
12,5(10 
13,000 
13,600 
14,000 
14.500 
15,000 
15.500 
16,  000 
16,500 
17,000 
17,500 
18,000 
18.500 
19,000 
19,500 
20,000 
20.120 
19,300 


Pound*. 
l.UOO 
5.000 
10,000 
15,000 
20,000 
21,000 
22, 000 
23,000 
24,000 
2.5.000 
26.  «()0 
27,000 
28,000 
29.000 
30,000 
31.000 
32,000 
83.000 
34,000 
35.000 
36,000 
37,000 
37,500 

38,000 

39,  000 
40,000 
41,000 
42,000 
4H,  01  U 
44,000 
45,000 
46.000 
47.000 
48.000 
49,000 
50,000 
52,000 
54,000 
56.000 
6f>,000 
60,000 
62, 000 
64,000 
66.000 
68,000 
70,000 
72,000 
74,000 
76, 000 
78.000 
80.000 
80,480 


Inch. 

0. 
.000067 
,  000217 
.  000367 
.000500 
.  OOO.'iSO 
.000600 
.000617 
.00063;} 
.000083 

.wo:  17 

.000750 
.000783 
. 00083 i 
.000867 
.0<Km3 
.000967 

.  ooioon 

.OOlOoU 

.001100 

.001133 

.001183 

.001200 

.001300 

.004383 

.000767 

.008U50 

.008550 

.009450 

.009967 

.011250 

.  012033 

.  0128:<3 

.Oi:i8(K) 

. 014H87 

.015533 

.017000 

.018850 

.021483 

.  023750 

.  027217 

.  029817 

.0333 

.0383 

.0433 

.0467 

.0550 

.0600 

.0700 

.0800 

.0083 

.1283 

.1567 


Succes- 
sive elon- 
gation 
per  inch. 


,  Snoc«»s- 
Pertna-  '  sive  pt-i*- 
nent  set.  j  manent 
set. 


Inch. 

0. 
.000067 
.000l*.0 
.  OOOIM) 
.000133 
.000050 
.000050 
.000017 
.OOOOiO 
.  000050 
.000034 
.000033 
.00)K)33 
. OOOuoJ 
.000034 
.000066 
.000034 
.  000<»3:i 
.000050 
.000050 
.000033 
.0000.50 
.000017 
.0«K)10t» 
.003083 
.OO'i.'UH 
.  001283 
.000500 
.000900 
.  000517 
.001283 
.000783 
.  000800 
.  OOOirtJ? 
.  001067 
.0(H)666 
.001467 
.001850 
.002H33 
.  002267 
.003467 
.002600 
.003483 
.0050 
.0050 
.0034 
.0083 
.0050 
.0100 
.0100 
.0183 
.0300 
.0284 


Inch. 

0. 
0. 
0. 
0. 
0. 


Iiich. 
0. 


Remarks. 


Initial  load. 


0. 


*..•••-•••-  •-•-»••••• 

.000017  1  .000017 

1 

.066656 

.066633' 

1 

1 

.006567 

.006517 

•"••"•  •••• 

.  010350 

.003783 

I  Elastic  limit. 


.  014967 

.004617 

Micrometer 
moved. 


re- 


Ultimate  strength, 
Load   at   time  of 
fracture. 


GENERAL  SUMMARY. 

gpeeSfle  Ktarlty 

Hardness 

Tensile  strength  per  square  inch  of  original  section pounds.. 

Xlaatio  limit  per  square  inch  of  original  section do  ... 

Xlongation  per  inch  after  rupture inch.. 

Xlongation  per  inch  under  strain  at  elastic  limit do  — 

Bednction  in  diameter  at  point  of  rupture do 

Ssdnction  in  area  after  rupture,  per  centum  of  ori^nal  section  

Position  of  rupture 80  inch  from  neck,  taking  an  oblique  course  acrons  the  bar. 

Character  of  broken  surface ^v^vmskk.!. 

MUmgmUom  of  inch  aeetioBB :  .12  inch,  .12  Inch,  .15  inch,  .18  inch,  .25  inch  {,1^  Vac\i  tt«c\n.'t«^.«M^3^tsn^. 


80,480 

37,500 

0.18 

.001200 

.094 

80.0 
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No.  371. 


Trojcturt 


6* 

[Mark  on  bar,  16 ;  diameter.  .564  inch ;  sectional  area,  .25  sqaare  inch.] 


Applied  loads. 


Total. 


250 

1.250 

2,500 

3,750 

6,000 

5,250 

5,500 

5,750 

6.000 

6,250 

6,500 

6.750 

7,000 

7,250 

7,500 

7,750 

8,000 

8,250 

8,500 

8,750 

9.000 

9.250 

9.500 

9,750 

10,000 

10.250 

10,500 

10.750 

11,000 

11,250 

11,500 

11. 750 

12,000 

12,260 

12,500 

13,000 

13,500 

14.  000 

14,500 

15,000 

15,500 

16,  000 

16.600 

17.000 

17,500 

18,000 

18.500 

19,000 

19.500 

20.000 

20. 450 

16,000 


Per 

sqaare 
inch. 


F<iwnd». 

1,000 
6,000 
10,000 
16,000 
20,000 
21.000 
22,000 
23,000 
24.000 
25,000 
26,000 
27,000 
28.000 
29.000 
30,000 
31,000 
82, 000 
33,000 
34,000 
35, COO 
86,000 
37,000 
88,000 
39,000 
40,000 
41.000 
42,000 
43,000 
44,000 
45,000 
46.000 
47.000 
48,000 
40,000 
50,000 
52,000 
54,000 
56.000 
58.000 
60,000 
62,000 
64.000 
66.000 
68.000 
70,  000 
72,000 
74.000 
76.000 
78.000 
80,000 
81,800 


Elonga- 
tion por 
inon. 


Sncces- 
sive  elon- 
gation 
per  inch. 


Inch. 

a 

.000100 

.000217 

.000367 

.0005.13 

.000567 

.000600 

.000033 

.000667 

.000683 

.  000733 

.000767 

.000800 

.0008.33 

.000867 

.000933 

.000983 

.001017 

.001067 

. 001100 

.001i:i3 

.001167 

.  001233 

.  0034.'i0 

.006883 

.  0U7333 

.008050 

.008700 

.009367 

.010133 

.010883 

.011500 

.  012700 

.  013633 

.  014733 

.016633 

.  0180.50 

.  020417 

.022850 

.026000 

.028667 

.030833 

.0342 

.0367 

.0417 

.0467 

.0567 

.06.33 

.0733 

.0833 


Inch. 

0. 
.000100 
.000117 
.000150 
.000166 
.000034 
.000033 
.000033 
.000034 
.000016 
.000050 
.000034 
.000033 
.000033 
.000034 
.000066 
.000050 
.000034 
.0004)50 
.000033 
.000033 
.000034 
.000066 
. 002217 
. 003433 
.000450 
.000717 
.0006.50 
.000667 
.000766 
.000750 
.  000617 
.001200 
.000933 
.001100 
.001900 
.001417 
.  002367 
.  0024;S 
.002150 
.003667 
. 002166 
.  003367 
.0025 
.0050 
.0050 
.0100 
.0066 
.0100 
.0100 


Perma- 
nent set. 


Succes- 
sive per- 
manent 
set 


Inch. 
Ol 
0. 

liVCh,      \ 

0. 

0. 

..........  1 

0. 
0. 

1 

• 

0. 



"\ i 

".'oooon  ;"'.*oo66i7 

t 

1 

■ 

.  000033  .  ooooie 

. ... ...... 

I 

.005450 

.005417 

1 

.008467 

.003017 

.......a.., 

.........  .1 



.  012717 

.004250 

1 

1 

i ■""i 

..... . .  • .  i 

1 

Initial  load. 


Elastic  limit. 


Hicrometer 
moTed. 


re- 


Ultimate  strength. 
Load  at  time  of 
fracture. 


Specific  gravity. 
Hardness 


GENERAL  SUMMARY. 


TenAilo  strength  per  square  inch  of  orisianl  section pounds.. 

Elastic  limit  per  square  inch  of  original  section do 

Elongation  per  inch  after  ruptnre  i inoh.. 

Elongation  per  inch  under  strain  at  elaAtio  limit do  ...     .Wlfl 

Reduction  indiamoter  at  point  of  rupture     do OM 

Reduction  in  area  after  rupture,  per  centum  of  original  section 1^ 

Position  of  rupture ....  .70  inch  fron  seek 

Character  of  broken  surface .granular  60  per  cent ;  dull  spongy  40  per 


Bar  began  to  fracture  at  one  «\de,  9[:ta.d\]LallY  tearing  apart    The  part  ftactnring  first  prescali  s4rf 
ipongy  appearanctH. 
An  oblique  crack  opened  one-i«nT^\i  ot  a»  VoiOa.  t^wu  \Xi»  y^ViiX.  ^1  VcMiViswk.  ^^ 

Eloogation  of  inch  sections-.  .10  \ncY\,  ,aa  Va<iV  .^^VaO^,  .\aNsiOQ.,  .^\\«JtvVX^N».€B.\x*R5wsA.^i«» 
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No.  372. 

FrcLctwe. 


I 


[Mark  on  bar,  16;  diameter,  .564  inch;  seotional  area,  .25  sqaare  inch.] 


Applied  loads. 


Total. 


PouvuU. 

250 

1.250 

2,500 

8,750 

5,000 

5,250 

5,500 

5,750 

6.000 

6,250 

6.500 

6,750 

7,000 

7,250 

7,500 

7.750 

8,000 

8,250 

8,  .'MO 

8,750 

9.U00 

9,250 

9,500 

9,750 

10,000 

10.250 

10,500 

10,750 

11, 000 

11,250 

11,500 

11,750 

12,000 

12,250 

12,500 

13,000 

13,500 

14,000 

14.500 

15,000 

15.500 

16. 000 

16,500 

17.000 

17,500 

18,000 

18, 500 

19,000 

19,500 

19,960 

19,600 


Per 

nqnare 
inch. 


1,000 
6,000 
10,000 
15,000 
20,000 
21.000 
22,000 
23,000 
24,000 
25,000 
26,000 
27,000 
28,000 
29,000 
30,000 
31,000 
32,000 
39,000 
34.000 
3.%  000 
36,000 
37.000 
38, 000 
89, 000 
40.000 
41,000 
42,000 
43,000 
44.000 
45,000 
46,000 
47,  000 
48.U00 
49.000 
50.000 
52, 000 
54,000 
56,000 
58.000 
GO.  000 
62,  OOU 
64,000 
66,0t>0 
68.000 
70,000 
72,000 
74,000 
76.  000 
78.  000 
79,840 


Elonga- 
tion per 
incn. 


Inch, 

0. 
.000100 
. 000267 
.000417 
.  000.'>67 
.000617 
. 000650 
.000^83 
.000700 
. 000733 
.000783 
.  000817 
.000850 
. 000883 
.  000933 
.000967 
.001000 
.  001033 
.001083 
.001100 
.001133 
.  001200 
.  001267 
.001450 
.004500 
.006683 
.007217 
.008000 
.  008583 
. 000467 
.  010333 
.010883 
.  011800 
.012633 
. 013667 
.015067 
.  0169R3 
. 018967 
. 021167 
.023333 
. 025967 
.028883 
.0317 
.0350 
.0383 
.0417 
.0483 
.0550 
.0633 
.0717 


Succes-  I 
Biveelon-I  Perma- 

gation      nent  ttet 
per  inch. 


Inch. 

0. 
.000100 
. 000167 
.000150 
.000150 
.  000050 
.000033 
.000033 
.  000017 
.  000033 
.000050 
.000034 
.  000033 
. 000033 
.000050 
.000034 
.000033 
.000033 
.000050 
.000017 
.000033 
.000067 
.000067 
.  000183 
.003050 
.  002183 
.000534 
.000783 
.  O00.*i8'l 
.•00884 
. 000866 
.000550 
.000917 
.  000833 
.  001034 
. 001400 
.001016 
.  001984 
.002200 
.  002166 
.002634 
.  002916 
.  002817 
.0033 
.0033 
.0034 
.0066 
.0067 
.0083 
.0084 


Inch. 
0. 
0. 
0. 
0. 
0. 


.000033 


.000033 


.000050 


003233 


007800 


011700 


Sncces- 
bive  per- 
manent 
set 


Inch. 
0. 


.000033 


Bemarks. 


Initialload. 


0. 


.  000017 


.003183 


004567 


003900 


Elastio  limit 


Micrometer 
moved. 


re- 


Ultimate  strength. 
Load  at   time  of 
fracture. 


GENERAL  SUMMARY. 

Specific  gravity 

Hardness '.'.''''. 

Tensile  strength  per  square  inch  of  original  section pounds*  J       79. 84<> 

Elastic  limit  p«?r  square  inch  of  original  section do..!*        86,' 000 

Blongation  per  inch  alVr  rupture inch*!    0.0683 

Elongation  per  inch  under  strain  at  elastic  limit do..l'      !  001133- 

Reduction  in  diameter  at  point  of  rupture. do!...      ,034 

Reduction  in  area  after  rupture,  per  centum  of  original  section 11  2 

Position  of  rupture 75  inch  from  middle  of  stem. 

Character  of  broken  surface granular,  radiating  from  a  dull  spot  at  the  ciioumference  where  th» 

fracture  began 
Blongation  of  inch  sections:  .05  inch,  .06  inch,  .07  inch  (.08  inch  fraoturod.  mqUou^  .^  \]v<^^  J^\ns^ 
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No.  373. 


L 


[Mark  on  bar,  17 ;  diameter,  .504  inch ;  MoUonal  area,  .25  square  inch.] 


Applied  loads. 


Total 


Per 

square 
Ixich. 


Pound: 

Pounds. 

250 

1.000 

1,?50 

6.000 

2,500 

10.000 

3,750 

15.000 

5,0t)fl 

20,000 

5.250 

21.000 

6.500 

22.000 

5.750 

23,000 

6.000 

24.000 

6.250 

25.000 

6.500 

26,  000 

6.750 

27.000 

7,000 

28,0ti0 

7,250 

29,000 

7,500 

30,000 

7,750 

31,000 

8.000 

32.(i00 

8.250 

33, 000 

8,500 

34. 000 

8,750 

35. 000 

9.000 

36,000 

9.250 

37.000 

9,500 

38,000 

9,760 

39.000 

10.000 

40.000 

10.  250 

41.000 

10,500 

42. 000 

10.750 

43,000 

11.000 

44.000 

11.250 

45,000 

11,500 

46. 000 

11.750 

47,000 

12,000 

48,000 

12,250 

40.000 

12.  54»0 

50.000 

13.000 

52.000 

13,500 

54.000 

14,000 

66.  000 

14.500 

68.000 

15,000 

60.000 

15. 5(10 

62,  (iOO 

15,920 

63,680 

I 

nin  S;  M^«  olon. 


Inch. 

0. 
.000117 
. 000317 
.000483 
.000650 
.000667 
.000717 
.000767 
.000800 
.000833 
.  000867 
.000900 
.000933 
.000967 
.001000 
.001050 
.001100 
.001117 
.001167 
.001200 
.  0012.')0 
.001283 
.001333 
.001383 
.002200 
. 003917 
.004783 
.005317 
.0064M3 
.007083 
.007750 
.008233 
.009583 
.009883 
.010550 
.011867 
.013800 
.  015917 
.  017(«3 
.019900 
.020967 


Inch. 

0. 
.000117 
.000200 
.000166 
.OOOIOT 
.000017 
.000050 
.000050 
.000033 
.00OOB3 
.000034 
.000033 
.  000033 
.000034 
.000033 
.000050 

.  oooono 

.  000017 
.000050 
.000033 
.000050 

.  oooo:^3 

.  000050 
.000050 
.000817 
.001717 
.000866 
.000534 
.001166 
.000600 
.000667 
.  0004X3 
.001350 
.  000300 
.000667 
.001317 
.  0019:^3 
.002117 
.001166 
.002217 
.001667 


Perma- 
nent set. 


Inch. 

0. 
.000033 
.  000038 
.000050 
.000050 


Succes- 
sive per- 
manent 
set. 


000100 


000117 


000950 


005450 


008800 


Inch. 

0. 
.000033 

0. 
.000017 

0. 


000088   .000033 


.000017 


.000017 


.000833 


.004500 


.003150 


|>^fr|i^w|f^^ 


Initial  load. 


Elaatlo  limit. 


intimate  atrength. 


GENERAL  SUMMARY. 

gpeclflo  gravity 7.  IBM 

HnrdnfM         17.35 

TeoBile  streneth  per  square  inch  of  ori^nal  sectinn ponnda..       CXM 

Elastic  limit  per  square  inch  of  of  original  section di> SS^MI 

EloDKHtion  per  inch  After  rupture inch..    dllSlT 

Elnnjratioa  per  inch  aoder  Mtrain  at  elastic  limit do  ...     .WtlO 

Reduction  in  diaraett<r  at  point  of  rupture do OM 

Reduction  in  area  after  rupture,  per  centum  of  original  section l.S 

Position  of  rupture  attbesMk. 

Character  of  brulcen  surface tjutMkt. 

Elongation  of  inch  sections 02  inch,. 02  incb.. 02  inch,  .03  inch,  .02  inch,  .MiMk. 
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No.  374. 


J^>Wf«'!^li!llllill11 

1 

^ 

/^":^_ 

k  <m  bar,  18;  diameter.  .564  incb;  sectional  area,  .22 

-VNIMMI  MMJ 

fM»r 

\  sqnare  inch.] 

Applied  loads. 

Elonga- 
tion per 
inon. 

Sncces- 
sive  elon- 

^ration 
per  inob. 

Perma- 
nent set. 

IncK 

0. 

0. 

0. 
.000017 
.000017 

Succes- 
sive per- 
manent 
set 

Bemarks. 

TotaL 

Per 

square 

inch. 

Ptmndi. 

250 

1,250 

2,500 

3,750 

5,000 

a.  250 

6.500 

5,750 

6.000 

6.250 

6,54)0 

6,750 

7.000 

7,250 

7.500 

7,750 

8,000 

8.250 

8.5110 

8.750 

9,000 

9.250 

9.500 

9,750 

10.000 

1U,250 

10,500 

10,750 

11,000 

11,250 

11,.'S00 

11.750 

12,000 

12, 250 

12,500 

13,000 

13.500 

14,000 

14,500 

13,000 

15,500 

16.000 

16.500 

17,000 

17,500 

18.000 

18,500 

19.000 

19,500 

19,800 

Poundn. 
1.000 
5,000 
10,000 
15,000 
20,000 
21.000 
22.000 
23.000 
24.000 
25,000 
26.000 
27.000 
28,000 
29.000 
30.000 
31,000 
32.000 
33,000 
84,000 
3.1,000 
36,000 
37,000 
.38,000 
80,000 
40,000 
41,000 
42.000 
43,000 
44.000 
45,000 
46.000 
47.000 
48,000 
49.000 
50.000 
52,000 
54,000 
66,000 
5(3.000 
60.000 
62, 000 
64,000 
66,000 
68,000 
70,000 
72.000 
74,000 
76,000 
78,000 
79,200 

Inch, 

0. 
.  000117 
-000283 
.000433 
.0OO.')83 
.  OOtKSoO 
.000633 
.000667 
.000700 
.  000733 
.  0008O0 
.000833 
.000807 
.000X83 
.000933 
.000967 
. 001017 
.  001 0.M) 
.001100 
.001133 
.OOll.'VO 
.001217 
.  001.383 
.002.3^3 
.003467 
.004300 
.005300 
.  0062.>0 
.  007133 
.007.')50 
.098183 
.00X967 
.0098:43 
.Ol06:{d 
.  01 1483 
.0128:)3 
.014500 
.  016<»33 
.018:W7 
. 020317 
.0233 
.0258 
.0300 
.0317 

.o:m2 

.0383 
.0417 
.0450 
.0533 

Ineh. 

0. 
.000117 
000166 
.  0001.50 
.OOOl.SO 
.0OO<»17 
.000033 

Inch. 
0. 

■ 
Initial  load. 

Blastio  limit. 

Micrometer       re- 
moved. 

Snapping  sounds. 
Ultimate  strength. 

000017 
.0 

.000034 

.  oooo:{3 

.  0000.33 

.000067 

.000033 

.000034 

.000016 

.000050 

.000034 

.000050 

.000033 

.000050 

.000033 

.  000017 

.000067 

.000166 

.001000 

.001084 

.  0m)833 

.001000 

.000950 

.000883 

.  000417 

.000633 

.000784 

.0008f6 

.000800 

.000X50 

.OOlSiSO 

.001667 

.001.'i33 

.  002334 

.OOlO.'iO 

.002983 

.0025 

.0042 

.0017 

.0025 

.oim 

.0034 
.0<i33 
.0083 

"Vooooso 

'.000033 

••........ 

.000067 

.000017 

.000100 

.000033 

- 

'.002133* 

'.'002633' 

"----•••?• 

.005967 

.063834 

.009533 

.003566 

•  ••««*           •  . 

• 

GENERAL  SUMMABY. 

Ipeciflo  gravity 

unlnesk *. 

Tensile  strength  per  sqosre  inch  of  original  section ...pounds..      79  2M 

Blaatic  limit  per  square  incb  f»f  original  section  do...      38,000 

Blongation  per  inch  after  rupture  inch..  0.0517 

BkingMtinn  jwrinc-h  under  strain  at  elasticliroit do...    .001150 

Bednction  in  diamptt^r  at  point  of  ruptorts 

Beduction  in  area  after  rupture,  per  centum  of  original  section not  obtained. 

Pout  ti<  inofniptnre aitheneck. 

Character  of  broken  surface granular. 

Skmgation  of  inch  sections :  .04  inch,  -06  inch,  .06  inch,  .00  inch,  .04  inob  ^.0&  iiic\ifniA\nx«^%nA\^ssc2^. 
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Initial  tension  of  ring. 


iiu 


« 


The  initial  tension  rin^  was  clamped  along  a  radias  to  the  bed  of  a  planer,  and  a  radial  eat  mafc 
-with  a  sqnare-nose  tool  (.336  inch  wiue),  in  the  prolongation  of  the  clamped  radios,  oommencing  at  tte 
interior,  and  cutting  towards  the  exterior.    Very  light  cnt^s  were  inaile. 

One-half  inch  from  the  center  line  of  the  cat,  and  on  each  side  of  the  same,  three  sets  of  poiati  vo* 
taken— one  near  the  exterior,  another  near  the  interior,  and  a  third  midway  between.  The  diaawm 
were,  respectively.  24  inches,  6  inches,  and  15  inches. 

When  the  remaining  web  was  abont  one  thirty -second  of  an  inch  thick,  a  slight  sound  was  Ivnri 
bat  no  break  could  be  discovered.  The  distance'botween  the  exterior  points  A  was  1.01  inches.  Tk» 
sotting  was  continued  until  the  web  was  separated ;  whether  torn  by  the  strain  or  foroed  off  by  tk» 
tool  could  not  be  ascertained^  as  the  edges  were  rongh  and  less  than  .01  inch  thick. 

The  measurements  gave  1.032  inches,  1.010  inches,  and  1.020  inches. 

Dedncting  1  inch  from  the  circumference  and  dividing  .032  inch  by  the  same,  obtain  as  the  ehasf* 
per  inch  .0U043  inch. 

A  mean  of  samples  14,  16,  and  16  gave,  under  a  strain  of  15,660  pounds,  a  stretch  of  .00013  iach  fS 
inch. 

The  top  of  the  cot  at  the  exterior  measured  .372  inch,  showing  a  contraction  of  .036  inch;  dirifbai 
this  by  the  circumference  leas  .336  inch,  gave  as  the  change  per  inch  .00047  inch. 

The  bottom  of  the  cut  at  the  exterior  measured  .8653  inch,  showing  a  contraction  of  .0283  inch;  tkii 
corresponded  to  a  change  of  .00038  inch  per  inch. 

A  mean  of  samples  14, 15,  and  16  gave  a  stretch  per  inch  of  .00047  inch  under  a  strain  of  17.1^ 
pounds,  and  .0003b  inch  under  a  stroiu  oi  \\,Q^  ^auas. 

Tiie  initial  tenaion  of  tbe  TingicA^,  \:ii«t^loT«,\Mk\je^«ii«A\V^)^V^>aa^^. 
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Tiaf^UnSi^ 
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Tang-ential  tests. — (Employing  attachment  as  shown  by  blae  ] 

Test  cylinder  and  reservoir  charged  with  water.  Length  of  \h 
cylinder  exposed  to  internal  pressure  4.55  inches,  which  includes 
occupied  by  leather  packings,  copper  checks  .09  inch  thick  at  e 
and  copper  checks  .18  inch  thick  at  end  B. 


I 


Jitaa 


i 


J ^ 

K-  J".  -^ 
I    "bore,      j 

!  i 


[ 


Hark  on  cylinder,  26  ;  diameter  of  reservoir  chamber,  1.17  inches ;  sectional  area,  1.075  sqnan 


Applied  loads  on 
piston  of  reservoir. 

Enlarge- 
ment 
of  middle 
diameter 
of  cylin- 
der. 

Bemarks. 

Total. 

Per 

square 

inch. 

Poundt. 

1,075 
32,250 

1,076 
68,750 

1.075 
93,000 

1,075 

Poundt. 

1,000 
30, 000 

1,000 
50,000 

1,000 
86,512 

1,000 

Inch, 
0. 

Initial  load. 

Haximnm      load 
reached. 

0. 

.0014 

.0435 

While  loads  were  applied,  the  cylinder  was  covered  with  canvas,  n 
was  removed  after  each  loading  to  admit  of  measuring  the  distortit 
diameter  while  under  the  initial  load. 

After  the  enlargement  caused  by  86,512  pounds  per  square  inch 
been  determined,  the*  cylinder  was  subjected  to  a  pressure  of  3C 
pounds  per  square  inch  uncovered. 

There  was  no  evidence  of  porosity  under  this  latter  pressure. 
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I>imen8ioii8  of  cylinder  after  hAving  been  loaded  with  86,512  jMunds  per  tqaare  inch. 


t 


3:07B 


\i:(a^ 


'■   11105  ^orm. 


\ 


ifais 


sfoaa 


A  eraek  one-fourth  of  an  inch  long  was  developed  in  the  bore  1.8  ino'ies  from  ehd. 
Foar  spongy  fipots  of  metal  at  one  end  of  cylinder,  rarying  in  diamoter  from  one-sixteenth  to  one. 
fourth  of  an  inch. 


rifark  on  cylinder,  20.1 


srjoa 


468 


EEPORT   OF   THE   CHIEF   OF   OKDNANCE. 


Applied 
piston  of 

Total. 

1 

loads  on 
reservoir. 

Per 

square 

inch. 

Enlarge- 
ment 
of  middle 
diameter 
of  cylin- 
der. 

Inch. 

0. 

.002 
.004 
.0045 

0. 

Remarks. 

t 

Pound*. 

1,075 
10,750 
21.500 
32,250 

1,075 
37,625 

1,075 
43,000 

1,076 

48,375 

!        1, 075 

53,750 

1,075 
59.125 

1,075 
64, 500 

1,075 
78, 200 

Poundt. 

1,000 
10,000 
20.000 
30,0<i0 

1,000 
35,000 

1,000 
40.000 

1.000 
45,000 

1,000 
50,000 

1,000 
55,000 

1,000 
60,000 

1.000 
72,744 

Initial  load. 
Barsting  pressore. 

.0003 

.0034- 

.0045 

.009 

.016 
.028' 

The  cylinder  burst  into  two  pieces.  The  lines  of  fracture  were  nearly  parmllol  to  the  axis  < 
cylinder,  and  separated  it  into  parts  which  weighed  3  pounds  3  ounces,  and  2  pounds  10|  oono 
spcctiTcIy. 


The  line  of  fracture  on  one  side,  A,  as  shown  by  the  sketch,  was  irregular,  tending  to  branch  « 
one  end. 

The  iVaotured  surface  was  gn^nular  and  flaky,  radiating  from  the  center.  Two  small  blow-hdei 
in  the  plane  of  fracture,  one  is  one-half  inch  ft-oni  the  midclle  of  the  length  of  the  cylinder,  at  tbeb 
and  one  three-fourths  of  an  inch  from  the  middle  at  the  circumference. 

It  is  thought  this  side  won  the  first  to  fracture. 

The  fracture  of  the  opi>osite  side  was  more  direct  from  end  to  end.  Its  appearance  was  graaa 
radiating  from  a  point  at  the  bore,  midway  its  length. 

The  walls  of  the  cylinder  were  i-ednced  in  thicknt^ss  .03  inch  at  the  middle.  Maximnm  diasM 
6t  bore,  1.15  inches. 

The  copper  checks  were  expanded  to  1.04  inches  diameter  at  lower  end  of  cylinder,  B,  and  Li3  tad 
diameter  at  upper  end,  A. 
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[Mark  on  cylinder,  27  ] 


<- 


a:500 


u 

• 

$ 

«» 

l< 

J"    > 

^ 

"dore 

1 

1 

1 

1 

• 

•  ' 

YiTe  sponjnr  apot«  of  metal  were  observed  in  finishing  this  cylinder.    All  tamed  oat  except  one. 
Maximam  Bize  of  spots  .20  by  .20  inch. 


Applied  loads  on 
piston  of  reservoir. 

Enlarge- 
ment 
of  middle 
diameter 
of  cylin- 
der. 

Total. 

Per 

square 

inch. 

Remarks. 

•               * 

Pounds. 

1,075 
10,750 
21,500 
32, 250 
37,625 

1,075 
43.000 

Pounds. 

1,000 

10,000 

20.000 

1      30,  OUO 

35,000 

1,000 

di)  000 

Inch. 
0. 
0. 

.0005 
.0005 

'*'**b6i' 

Initial  load. 

1,075  '        1,000 
48,375  1      45.000 

1,  075           1, 000 
53, 750         50, 000 

1,075           1,000 
59, 125         55,  000 

1,075  '        1,000 
64,500  !      60,000 

1, 075  1        1,  000 
77,500  1       72.003 

.002 

.005 

• 

.009 

.013 

.019 

Bursting  preasare. 

The  cylinder  burst  into  two  pieces.  The  lines  of  fracture  were  nearly  parallel  to  the  axis  of  the  cyl- 
inder, and  separated  it  into  parts  weighing  3  pounds  0^  ounces,  and  2  pounds  7  ounces,  respectively. 

The  fractures  were  granular.  One  fractured  surface  radiating  from  points  along  the  bore.  It  is 
thought  that  the  fracture  occurred  first  in  this  surface. 

.The  opposite  surface  h<td  two  distinct  centers  mI  radiation,  situated  1  inch  and  1^  inches,  respectively, 
trom  the  ends  of  the  cylinder. 

Id  the  larger  fragment,  a  longitudinal  oeam  was.  opened  extending  from  one  end  along  the  bore  a 
diJttanee  of  2^  inches,  and  .55  inch  deep. 

The  copper  checks  were  enlarged  to  1.02  inches  diameter  at  the  lower  end  of  the  cylinder,  B,  and  to 
1.03  inches  diameter  at  the  upper  end,  A. 

Minimum  thickness  of  walls,  .71  inch. 
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[ICark  on  cylinder,  28.) 

5—       a:509 


i 


i 


1 

h  ^-^^  > 

7on0 

1 
1 

1 
1 

1 

1 
1 

1 

1 

1 
1 
1 
1 
1 
1 
1 

Applied  loads  on 
piston  of  reservoir. 

Enlarge- 
ment 
of  middle 
diameter 
of  cylin- 
der. 

Remarks. 

TotaL 

Per 

square 

inch. 

Pwunds. 

1, 075 
10,750 
21.500 
32,250 
37,625 

1.075 
43.000 

1,076 
48.375 

1,075 
53,750 

1,075 
59,125 

1,075 
64,600 

1,075 
80,500 

0 

PownA». 

1,000 
10,000 
20,000 
30,000 
35,000 

1.000 
40,000 

1,000 
45,000 

1.000 
50,000 

1,000 
55,000 

1,000 
60,000 

1,000 
74,884 

0 

Inch, 
0. 

.0005 
.0005 
.0005 
.0005 
0. 

Initial  load. 

Maximnm  press- 
nre  reached. 

.0006 

.0015 

.0065 

.0095 

.0145 

.0425 

The  hydranlio  pressure  was  graduiUly  increased  and  sustained  by  the  cylinder  until  74,884  pouDds  pa 
square  inch  on  the  piston  of  the  reservoir  was  reached,  when  suddenly  the  pressure  fell,  Qnaoeompanied. 
however,  by  any  sounds  of  rupture. 

Upon  removal  from  the  testing  machine  there  were  found  four  lines  of  rupture  in  the  surface  of  thi 
bore,  from  one-hi^  to  1^  inches  long.  On  the  exterior  surface  a  cracky.  10  inch  long  was  devckiped 
this  was  in  that  part  of  the  cylinder  containing  the  interior  cracks,  but  not  directly  opposite. 
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Form  of  specimen  after  teat. 


*8 


I'fe 


^ 


•5 


•^ 


1 


st'ssa 


VlWi    7 


♦ 


5 

1^ 


s 


jmddU  Smmeier» 
£rS4SS  ouinde, 
iTOSS'bore, 
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TESTS  BY  COMPRESSION :   4  CAST-STEEL  SPECIMENS  FROM  TRIAL  G^ 
INDER;  2  CAST-STEEL    SPECIMENS   FOR   TRANSVERSE  RESISTAN 

August  23,  1884. 
No.  401. 


a/'f^fs 


^ 
^ 


[Ifjffk  on  bar,  19;  diameter,  1.129  incbee;  sectional  area,  1.00  sqnare  inch.] 


Applied  load 

Compres- 
sion per 
incn. 

Succes- 
sive com- 
pression 
per  inch. 

Perma- 
nent set 

• 

Inch. 
0. 

Suooee- 

Total. 

Per 

■qnare 

incli. 

slve  per- 
manent 
set. 

Ineli. 
0. 

1 

Pounds. 
500 
5,000 
10.000 
15,000 
20,000 
21,000 
22,000 
23.000 
24.000 
25,000 
26,000 
27,000 

1 
Pounds.  1     Inch. 
500           0. 
5,000  '    -000100 

Inch. 

0. 
.000100 
.000150 
. 000167 
.000183 
.000017 
.000050 
.000050 
.000050 
.000033 
.000033 
.000034 
.000033 
.000033 
.000034 
.000016 
.000050 
.000034 
.000033 
.000033 
.OOOOSO 

Initial  load. 

10,000 
15,000 
20,000 
21,000 
22.000 
23,000 
24,000 
25,000 
26.000 
27.000 

.000250 
.000417 
.000600 
.000617 
.000667 
.000717 
.000767 
.000800 
.000833 
.000867 
.000900 
.000038 
.0U0967 
.000983 
.001033 

.ooioerz 

.001100 
.001133 
.001183 

1                   / 

.000017 

.000017 

' 

I 

.000033 

.000016 

i 

i 

28,000         28,000 
29, 000         20. 000 

1 

1 

30,000 
81,000 
82,000 
83,000 
34.000 
85.000 
36,000 
87,000 
38.000 
89.000 

40,000 

41,000 
42,000 
43,000 
44,000 
45,000 
46,000 
47,000 
48,000 
49,000 
50,000 
67,400 
60,000 

30,000 
81,000 
32.000 
33,000 
34,000 
35,000 
36.000 
87,000 
38.000 
39.000 

40,000 

41,000 
42.000 
43,000 
44.000 
45.000 
46,000 
47,000 
48,000 
40,000 
50,000 
67,400 
60,000 

.000050 

.000017 

1 

\ 

.000067 

.000017 

1 

.001217  1    .000034 
.  001250       . 000033 
.001283       .000033 
C . 001367       .  000084 
.003500       .002133 

Elastio  limit. 
Bapid  deflecticm. 

.000083 

.000016 

.005833 
.007000 
.007917 

.002333 
.001167 

.000017 

- 

.008417       .000500 
.008917       .000500 
.000467       .000550 
.  010100       ■  00(M»3 



.010667 
.  011333 
.012067 

.000567 
.000666 
.000734 

Ultimate  strength.  \ 
Load'  an  stained' 

V6i6i67 

"'.'6i0084 

i 

I 
1 

when  test  was 
disoontinaed. 

Failed  by  triple  flexure.    Middle  deflection  after  the  test,  .45  inch. 
Blow-hole,  .05  inch,  diameter,  .06  inch  from  end  of  bar. 

6ENSKAL  SUMMABY. 

Ultimate  strength  per  square  inch  of  original  section ponnd..       91,* 

Blastio  limit  per  sqaare  inch  of  original  section do Mtl 

Compression  per  inch  under  strain  at  elastic  limit inch..    fllMU 

There  were  two  b\ow-ho\esVDLa\^Vit-<«7heu  the  bar  was  If  inches  diameter.  One.  .30  by  .10  inek; 
inches  fh>m  end,  nearly  tu.niQd  ovLt*,  oue,  .\^  X^n^  .\^  Vxis^^  ^<^  'iv^l  tarn  out  when  oar  was  buNifU 
fliijjhed  size.    Nomeroua  smaW.  pvix-^o\%«  \n  %V^v 
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sfzda 


\ 


[ICftrk  on  bar,  2t ;  dlAoieter,  1.120  inobes ;  aectionalarea,  1.00  square  inch.] 


Applied  loads. 


Total. 


Poundf. 
600 
6,000 
10,000 
16.000 
20,000 
21.000 
22,000 
23,000 
24,000 
25,000 
26,000 
27,000 
2^000 
29.000 
30,000 
31,000 
32,000 
33,000 
34.000 
35,000 
3(1.000 
37,000 
38,000 
30,000 
40.000 
38.000 
38,500 
39,000 
39.500 
40,000 
41,000 
42.000 
43,000 
44.000 
45.000 
46,000 
47,000 
48,000 
48,000 
50.000 
65.980 
50.000 


Per 

square 

inch. 


Poundf. 
500 
5,000 
10.000 
15.000 
20,000 
21,000 
22,000 
23,000 
24,000' 
25,000 
26,000 
27,000 
28,000 
20,000 
80.000 
31,900 
32,000 
33,000 
34,000 
35,000 
36,000 
37.000 
38,000 
39,000 
40,000 
38,000 
38,500 
30.000 
39,500 
40,000 
41,000 
42,000 
43,000 
44,000 
45.000 
46,000 
47.000 
48,000 
49.000 
50,000 
65,980 
50,000 


Compres- 
sion per 
inon. 


0. 
.000133 
.000300 
.000433 
.000633 
.000667 
.000700 
.000750 
.000783 
.000817 
.000833 
.000867 
.000900 
.000933 
.000967 
.  001017 
.001050 
.001083 
.001117 
.001150 
.001200 
.001233 
.001300 
.001350 

.002217 
.00-2400 
.002767 
.003550 
.004600 
.005950 
.006683 
.007450 
.008067 
.008717 
.009250 
.009750 
.  010250 
.010867 
.011500 


Saocos- 
sive  com< 
pression 
per  inch. 


0. 
.000133 
.000167 
.000133 
.000200 
.000034 
.000083 
.000050 
.000033 
.000034 
.000016 
.000034 
.000033 
.  000033 
.000034 
.000050 
.000033 
.000033 
.000034 
.000033 
.000050 
.000033 
.000067 
.000050 


.000867 
.  000183 
.000367 
.000783 
.001050 
.001350 
. 000733 
.000767 
.000617 
.000650 
.000533 
.000500 
.000500 
.000617 
.000633 


Perma- 
nent  set. 


JndL 
0. 


.000017 
.000017 
.000033 


.000050 


Saooes* 

siyeper* 

manent 

set. 


JficA. 
0. 


.000017 

0. 
.000016 


.000017 


.  000067       .  000017 


000100 


003267 


007067 


.000033 


.  003167 


.009667 


003800 


.002600 


Remarks. 


Initial  load. 


Elastic  limit. 

Sostained  mo- 
men  tiurily,  then 
pressure  fell,  ao- 
companied  by 
deflection  of  the 
bar. 


Ultimate  strength. 

Load  SQfttained 
when  test  was 
discontinued. 


Tailed  by  triple  flexure.    Middle  deflection  .68  inch  after  the  test. 
Metal  ruptured  in  vicinity  of  blow -hole  at  middle  of  bar. 

GENERAL  SUMMARY, 


intimate  strength  per  square  inch  of  original  section pounds..      65,980 

SUatie  limit  per  sqnare  inch  of  original  section  do    ..      39,000 

Compreaaion  per  inch  under  strain  at  elastic  limit inch..  0.001350 
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No.  403. 


afesp 


s 


[Mark  on  bar,  21 ;  diameter,  1. 129  inches ;  seotiona]  area,  1.00  square  inch.] 


Applied  loads. 


TotaL 


500 
5,000 
lO.OOO 
15,000 
20,000 
21,000 
22.000 
23,000 
24,000 
25.000 
26,000 
27,000 
28.000 
29,000 
30.000 
31.000 
32.000 
33,000 
34,000 
35,000 
86,000 
37,000 
38,000 
39,000 
40,000 
41,000 
42,000 
43,000 
44,000 
45,000 
46,000 
47,000 
48,000 
40,000 
50,000 
74,800 
50,000 


Per.l 

sgaare 

inch. 


Towndt. 
500 
5.000 
10,000 
15,000 
20,000 
21,000 
22,000 
23,000 
24.000 
25,000 
26,000 
27,000 
28.000 
20.000 
80,000 
81.000 
32,000 
38,000 
34,000 
85,000 
.36,000 
87,000 
38,000 
39,000 
40,000 
41,000 
42,000 
43,000 
44,000 
45,000 
46,000 
47,000 
48,000 
49,000 
60,000 
74,800 
50,000 


r>»».«>.^o  I  Bucces- 
^f-S'iS^?'^  »*▼«  com- 
K^JT    Pression 
^^^'      per  inch. 


Indk. 

0. 
.000150 
.000300 
.000483 
.000667 
.000683 
.000733 
.000767 
.000800 
.000833 
.000867 
.000017 
.000950 
.000967 
.001000 
.001033 
.001067 
.001100 
. 001133 
.001167 
.001200 
.001233 
.001267 
.  001300 
.001333 
.001367 
.001417 
.001450 
.001467 
. 001517 
.001583 
.001650 
.004933 
.005617 
.006167 


hncK 

Ifr  0. 
.000150 
.000150 
.000183 
.  000184 
.000016 
.000050 
.000034 
.000033 
.000033 
.000034 
.000050 
.000033 
.000017 
.000033 
.000033 
.000034 
.000033 
.000033 
.000034 
.000033 
.000033 
.000034 
.000033 
.000033 
.000034 
.000050 
.000033 
.000017 
.000050 
.000066 
.000067 
.003283 
.000684 
.000550 


Perma- 
nent  set. 


0. 
.000017 
.000017 
.000050 
.000067 


8aoces> 
sive  per- 
manent 
set. 


Inch. 

0. 
.000017 

0. 
.000033 
.000017 


000067 


0. 


000083       .000016 


000083 


Semarka. 


Initial  load. 


000100 


000133 


004317 


.000017 


.000033 


.004184 


Elastio  limit. 


Rapid  deflection. 


Ultimate  strenj^. 

Load  sustained 
when    test  \t 
disoontinaed. 


Failed  by  triple  flexnre.    Middle  deflection  .80  inch  after  tiie  test. 


GENERAL  SUMMARY. 

Ultimate  strength  per  sqaare  inch  of  original  section pounds..  7<W 

Elastic  limit  per  square  inch  of  original  section do 4i.MI 

Compression  per  inch  under  strain  at  elastic  limit inch..  dMUT 
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No.  404. 


sfa-^ff 


[Mark  on  bar,  22;  diameter.  1.120  inches;  sectional  area,  1.00  square  inch.] 


Applied  loads. 


Poundu. 
500 
5,000 
10.000 
15. 000 
20.000 
21,000 
22,000 
23,000 
24.000 
25,000 
26, 000 
27,000 
28,000 
29.000 
80,000 
31,000 
32,000 
33,000 
34,000 
35,000 
36,000 
37,000 
38,000 
39,000 
40.000 
41,000 

41,350 

41,500 
42,000 
43.000 
44.000 
45,000 
46,000 
47,000 
48,000 
40,000 
60.000 
65.700 
50,000 


Poundt. 
500 
5,000 
10. 000 
15.000 
20,000 
21.  000 
22,000 
23,000 
24.000 
25,000 
20.000 
27,000 
28.  000 
2O,0U0 
30.000 
31,000 
32,000 
33.000 
34,  000 
35,000 
36,000 
37.000 
38.000 
30,000 
40,000 
41,000 

41,350 

41,500 
42,000 
43,000 
44.000 
45,000 
46,000 
47,000 
48,000 
49,000 
50,000 
65. 700 
50.000 


Compres- 
sion per 
inch. 


Inch, 

0. 
.000133 
.000317 
.000467 
.000633 
.000667 
.000717 
.000767 
.000800 
.  000817 
.  0008»3 
.  000850 
.000900 
.OOOO.'H) 
.  001000 
.  001017 
.  001067 
.001100 
. 001133 
. 001150 
.  001167 
.001217 
.001250 
.001300 
.001333 
.001367 
.001400 
.001883 
.002333 
.002750 
.  003650 
.  0041.33 
.004550 
.004833 
.  005200 
.005600 
.006067 
.006433 


Succes* 
sive  com- 
pression 
per  inch. 


hieh. 

0. 
.  000133 
.000184 
.000150 
. 000166 
. 000034 
. 000050 
.000050 
.  0OOU33 
.  000017 
. 300016 
.000017 
.000050 
.000050 
.  000050 
.000017 
.  000050 
.000033 
.000033 
.  000017 
.000017 
.000050 
.  000033 
.000050 
. 000033 
.000034 
.  000033 
.000483 
.000450 
.000417 
.000900 
.000483 
.000417 
. 000283 
.000367 
.000400 
.000467 
.000366 


Perma- 
nent set. 


Inch. 

0. 

0. 
.000067 
.  000083 
.000083 


000100 


000117 


000117 


000117 


.002900 


.004633 


Succes- 
sive per- 
manent 
set. 


Remarks. 


Inch. 
0. 


000067 
000016 
0. 


Initial  load. 


000017 


00C017 


0. 


002783 


001783 


Elastic  limit. 

Perceptible  deflec- 
tion. 


Ultimate  strength. 

Load  sustain^ 
when  test  was 
discontinued. 


Polled  by  triple  flexure.    Middle  deflection  .82  inch  after  the  test. 
Spongy  spot  1|  inches  from  end  (one-fourth  by  one-sixteenth  inch). 


GENERAL  SUMMARY. 

Itimate  strength  per  square  inch  of  original  section pounds. .      65, 700 

lastic  limit  per  square  inch  of  original  section do 4J,350 

»mpre«slon  per  inch  under  strain  at  elastic  limit. .. .  inch. .  0. 001400 

Sereral  small  blow-holes  were  found  on  one  side  of  bar,  many  of  which  turned  ont  in  reducing  speci- 
ea  to  finished  size. 
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TRANSVERSE  TEST. 


No.  3. 


s^' 


1 


F 


£0* 


-( 


[Mark  on  bar,  23;  diameter.  1.129  inches;  loaded  at  the  middle ;  end  anpporta  20  inchee  apart.] 


Applied  loads. 


Total. 


Maxi-  i 
mum  fiber 
.    strain,    i 


Pounds. 

0 

56 

113 

169 

226 

282 

339 

395 

452 

508 

565 

621 

678 

734 

791 

847 

904 

960 

1,017 

1.073 

1,130 

1,186 

1,243 

1,299 

1,3S6 

1,412 

1,468 

1,  525 

1,581 

1.638 

1,694 

1,751 

1,807 

1,864 

1,  920 
1,977 
2,033 
2,090 
2,146 
2,203 
2,259 
2,316 
2,372 
2,429 
2,485 
2,542 

2,  598 
2.654 
2,711 
2,768 
2,824 
2.880 
2,  937 
2,993 
3.050 
3, 100 
3,163 
3,2\9 
3,276 


Deflec 
tion. 


Pounds. 
0 

2,000 
4.000 
6,000 
8,000 
10,000 
12.000 
14.000 
16,000 
18,  OUO 
20,000 
22,000 
24,000 
26.000 
28,000 
30.000 
32,000 
34,000 
36,000 
38,000 
40,000 
42, 000 
44,000 
46,000 
48,000 
50,000 
52.000 
54,000 
56.000 
58,000 
60,000 
62,000 
64,000 
66,000 
68,000 
70.000 
72,000 
74,000 
76,000 
78,000 
80,000 
82.000 
84,000 
86,000 
88,000 
90,000 
92,000 
94,000 
96.000 
98,000 

100,000 

102.  000 

104,000 

106,000 

108.  000 

110, 000 

,    U6,0W\ 


Saccea- 
sive  de- 
flection. 


\ 


Inehet. 
0. 

.0040 
.0083 
.0119 
.0160 
.0195 
.0236 
.0275 
.0315 
.0349 
.0385 
.0418 
.0452 
.0488 
.  0521 
.0560 
.0597 
.0635 
.0678 
.0708 
.0747 
.0795 
.0829 
.0867 
.0908 
.0945 
.0994 
.1038 
.1080 
.  1131 
.1190 
.  1270 
.1340 
.1468 
.1662 
.1913 
.2201 
.2497 
.2850 
.3314 
.3740 
.40 
.45 
.51 
.55 
.61 
.68 
.75 
.78 
.84 
.91 
.97 

1.04 

l.ll 

1.20 

1.29 

1.37 


Inch. 

0. 

.0040 
.0043 
.0036 
.0041 
.0035 
.0040 
.0040 
.0040 
.0034 
.0036 
.0033 
.0034 
.0036 
.0033 
.0039 
.0037 
.0038  I 
.0038  ! 
.0035  I 
.0039  I 
.0048 
.0034 
.0038 
.0041 
.0037 
.0049 
.0044 
.0042 
.0051 
.0059 
.0080 
.0070 
.0128 
.0194 
.0251 
.0288 
.0296 
.0353 
.0464 
.  0426 
..0260 
.05 
.06 
.04 
.06 
.07 
.07 
.03 
.06 
.07 
.06 
.07 
.07 
.09 
.09 
.08 


Deflec- 
tion set 

1 

1 

Inch. 
0. 

Succes- 
sive  de- 
flection 
set. 

Inch. 
0. 



"*"*.6ooi 

.0001 

.0006 

.0005 

1 

Bemarka. 


Minim  am  fiber 
strain  oompoted 
by  the  formula 


.0009 

.0003 

.0017 

.0006 

*"'.*0027 

.0010 

.0075 


0547 


Blaatio  limit. 


.0048 


.0472 
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Applied  loads. 


Pound». 
3.332 
3.389 
3,445 
3.502 
3,^8 
3.615 
3.671 
3,728 
3,784 
3,841 
3,860 


Maxi- 
mum fiber 
strain. 


Poundt, 
118,000 
120, 000 
122.000 
124,000 
126.000 
128,000 
130,000 
132.000 
134.  000 
136,  000 
136,680 


Deflec- 
tion. 


Iriehet. 
1.64 
1.73 
1.83 
1.98 
2.11 
2.33 
2.46 
2.60 
2.88 
3.30 
4.00 


Succes- 
sive de- 
flection. 


Deflec- 
tion set. 


Succes- 
sive de- 
flection 
sot. 


Remarks. 


'     Inch, 
.09 

Inch. 

Inch. 

.09 

.......... 

.......... 

.10 

1        .15 

.  13 

1 

.22 

.13 

I 

•■■••«■■«• 

1 

Specimen  arew  off 
the  end  bearings. 

1 

.......... 

h»  metal  on  the  tension  side  opposite  the  middle  bcariug  shovired  incipient  fhictares. 
ermanent  deflection,  4.20  inches. 

.  •mall  blo%v-holo  was  found  at  the  middle  of  the  length  of  bar,  which  turned  out  before  finished 
meter  was  reached. 


No.  4. 


I 


^ 


M* 


^ 


[Hark  on  bar,  24 ;  diameter,  1.129  inclies  ;  loaded  at  the  middle ;  end  supports  20  inches  apart.] 


Applied  loads. 

Dpflec- 
tion. 

Succes- 
sive de- 
flection. 

Inch. 

0. 

.0040 

.0041 

.0039 

.0040 

.0034 

.0046 

.0033 

.0037 

.0039 

.0039 

.0042 

.0038 

.0042 

.0035 

.0033 

.0039 

.oo:}4 

.0037 
.  0035 
.0042 
.0046 
.0040 
.0037 
.0041 
.  0<J39 
.0042 
.  004'i 
.0041 

Deflec 
tion  set. 

1 

Snooes- 

Total. 

Maxi- 
mum fiber 
strain. 

set. 

Pottnd*. 

0 

56 

113 

160 

226 

282 

339 

395 

452 

508 

565 

621 

678 

734 

791 

847 

904 

900 

1,017 

1,073 

1.130 

1,186 

1.243 

1.299 

PoUThdi. 

0 

2,000 
4,000 
6,000 
8,000 
10,000 
12,000 
14.000 
16,000 
18.000 
20,000 
22, 000 
24,000 
28,000 
28.000 
3(1,000 
32,000 
34.000 
36,0OU 
38,000 
40,  OUO 
42,000 
44.000 
46,000 
48,000 
50,  OUO 
.'>2,000 
54,000 
56l000 

InchM.  - 
0. 

.0040 
.0081 
.0120 
.0160 
.0194 
.0240 
.0273 
.0310 
.0349 
.03H8 
.0430 
.0468 
.0510 
.0545 
.0578 
.0617 
.0631 
.0688 
.0723 
.0765 
.0811 
.0851 
.0888 
.0929 
.0968 
.1010 
.1052 
.1093 

Inch. 
0. 

Inch. 
0. 



**".*o6o2 

"  .0002 

••■      ••«•■• 



.0003 
.... ...... 

.0001 

•  •••••   •  ••  • 

^  EUftUc  VluiVX 

.0009 

• • • •      .... 
•"""•■""•■ 

.ooii 

*".'66o6 





.6662 

1,336 
1,412 
1.468 
1.525 
1,681 

.0024 

.......... 



.  0(113 
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Applied  loads. 


Pounds. 
1,038 
1,604 
1,751 
1,807 
1,864 
1,920 
1,977 
2,033 
2,000 
2,146 
2,203 
2.250 

2,  316 
2,372 
2,420 
2,485 
2.542 
2,508 
2,654 
2,711 
2,768 
2,824 
2, 88  J 
2,037 
2,003 
3,050 
3,10j 
3,163 
3,210 
3,276 
3,332 
3,388 
3,445 
3,502 
3.558 
3,615 

3,  671 
3,728 


;   Ddflec- 
Kaci-     I     tion. 
mam  fiber 
strain. 


Pounds. 

58,000 

60,000 

62,000 

64,000 

66,000 

68.000 

70,000 

i2,000 

74,000 

76,000 

78,000 

80,000 

82,  OUO 

84,000 

86,000 

88,000 

00,000 

02,000 

04,000 

06,000 

08,  000 

100.000 

102,00. 

104,000 

106.000 

108,000 

110,000 

112,000 

114.000 

116,000 

118,000 

120,  000 

12*2,000 

124.  000 

126,  000 

128,000 

130,000 

132,000 


Inehe*. 
.1142 
.1108 
.1260 
.1325 
.1436 

,.1580 
.1857 
.2108 
.2530 
.3000 
.3506 
.3042 
.45 
.50 
.55 
.60 
.67 
.73 
.79 
.85 
.04 

1.   0 

1.08 

1.15 

1.24 

1.33 

1.41 

1.51 

1.60 

1.75 

1.83 

1.98 

2.15 
3. 
51 


2. 
2. 


2. 73 
3.07 
8.87 


Succes- 
sive de- 
flection. 


Inch. 

.0049 

.0056 

.0062 

.0065 

.0111 

.0144 

.0277 

.0341 

.0341 

.0461 

.0506 

.0436 

.0558 

.05 

.05 

.05 

.U7 

.06 
.  .06 

.U6 

.00 

.06 

.08 

.07 

.00 

.00 

.08 

.10 

.00 

.15 

.08 

.15 

.17 

.15 

.21 

.22 

.34 

.80 


Deflec- 
tion set. 


Inch. 


.0060 


Succes- 
sive de- 
flection 
set. 


Remarks. 


Inch. 


.0036 


.0470 


.0410 


Maxlmnm 
reached. 


load 


When  the  deflection  reached  5.06  inches  the  specimen  drew  off  the  end  bearings. 
No  indications  of  rupture  of  the  metal. 
Permanent  deflecliuu  4.46  inches. 
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jSummarif  statement  of  trial  cylinder^  cast  eteeU  from  Otis  Iron  and  Steel  Company. 

TENSILE  TESTS. 


Marks. 


Tangential,  onUide . . 
Tangential,  middle  . . 
Tangential,  inside . . . 
Tangential,  inside  . . . 
Tangential,  middle . . 
Tangential,  oatside. . 

Radial,  top 

Radial,  top 

Radial,  bottom 

Radial  bottom 

LongitadinaU  outside 
Longitudinal,  middle 
Longitudinal,  inside 
LongitodinaL,  inside. . 
Longitudinal,  middle 
Longitudinal.outaide 

Radial,  middle 

Radial,  middle ■ 


t 

I 


7.8510 


06 


17.35" 


9  ^ 

MO    . 

2  u  o 

•■«  a 


PoundM. 

60.880 
73, 120 
97,440 
86,400 
86,000 
88,800 
81,400 
84.040 
87,720 
88,800 
78,480 
86,000 
84.000 
80,480 
81.800 
79,840 
63,680 
79,200 


Q  £  a 

—  •  o 


Pounds. 
39,000 
43,000 
48,000 
35,000 
35.000 
37.000 
35,000 
89.000 
36.000 
37,000 
4U,000 
43,000 
47,000 
37,500 
38,000 
36.000 
39.000 
36,000 


• 

M 

fl 

1. 

o 

O    . 

Q 

I 

g 

per  in 
ilimit. 

1^ 

•1 

gS 

*■§ 

gs 

1 

a 

II 

imate 
indii 

4^. 

5» 

*•* 

2 

p 

H 

0 

Inch. 

« 

Inch. 

Inch. 

PbtcL 

0.02 

. 001267 

.U14 

5.0 

0.02 

.001383 

.014 

&0 

0.0383 

.001567 

.034 

11.8 

0.1483 

.001100 

.064 

27.6 

0.14 

.  001117 

.064 

21.4 

0. 1717 

.001200 

.WA 

21.4 

0.04 

.  001033 

.014 

5.0 

0.05 

.001183 

.024 

8.4 

0. 1117 

.001183 

.054 

18.3 

0.1283 

.001283 

.064 

2L4 

0.035 

.  0013i>0 

.024 

a4 

0.035 

.001367 

.014 

5.0 

0.035 

.001550 

.024 

8.4 

0.18 

.  OOl'JOO 

.004 

30.6 

0.0983 

.001233 

.054 

18.3 

0.0683 

.001133 

.034 

11.2 

0. 0217 

.001383 

.004 

L5 

0. 0517 

.001150 

■••«•• 

COMPRESSION  TESTS. 


Ultimate 
strength  per 
square  incn  of 
original  sec- 
tion. 


10.  Badial,  middle 

20.  Radial,  middle 

21.  LiODgitodinal,  inside. 

22.  Liongitudinal,  outside 


Poundt. 
67.400 
65.080 
74,800 
65,700 


Elastic  limit. 

per  square 

inch. 


Compression 

per  inch  at 

elastic  section. 


Pound*. 

Inch, 

30,000 

0.001283 

30,000 

0. 001350 

45,000 

0. 001517 

41,350 

0. 001400 

TRANSVERSE  TESTS. 


•n  «.«^^»  (23.  Longitudinal,  outside. 
Bottom.  J  24.  Longitudinal, inside. . 


Maximum 
fiber  strain. 


Poundi. 
136, 680 
132, 000 


Elastic 
limit. 


Ultimate   '    Deflection  nt 
deflection.  ,    elastic  limit. 


Pounds. 
.'>4,000 
56,000 


Inches. 
4.0 
5.06 


TANGENTIAL  TESTS. 


Inch. 
.1038 
.1093 


Bursting 

strength      per 

square  inch. 


'25.  Radial,  outside 

'Ajrt.i^lA  J  26.  Radial,  inside 

:a&taaie.  ^  27.  Longitn.liual,  onUlde 

,28.  Longitudinal,  inside 


Poundt. 


Elon^iation 
of  exterior  di- 
ameter. 


86,512  I 
72. 744  1 
72.093  I 

74,884  I 


Inch. 


04.35 
0425 


Initial  tension.  16,00*)  pounds  per  square  inch. 
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Appendix  31 


POBT  ON  PHYSICAL  PROPERTIES  OF  MA  TERIAL8  FOR  O  UN  CONSTRUC- 
TION BY  THE  SOUTH  BOSTON  IRON  WORKS. 

BY  CAPT.   D.  A.   LYLBy   ORDNANCE  DEPARTMENT. 

All  te8t8  of  an  elaborate  nature  were  made  at  Watertown  Arsenal 

K>n  specimens  taken  from  the  castings  made  at  this  foundry. 

The  tests  for  tenacity  and  density  made  here  have  been  tabulated  be- 

w  under  their  appropriate  headings. 

Table  a.— Sabots  (Butler)  for  250  4.2inch  projectiles;  composition, 

i  per  cent,  copper,  25  per  cent.  zinc. 

I^o  tests  made  except  taking  weights  of  the  finished  sabot  to  see  that 

ley  came  within  proper  limits. 


lBLK  S. — Dengify  and  tenaeiiy  of  meialf  and  weight  of  S-ineh  Eureka  cored  §hot  made 
at  the  South  Boston  Foundry y  undvr  contract  dated  June  23,  IS63. 


1 

Date. 

1 

Number 
cast 

Tenacity. 

Density. 
7.2085 

Remarks. 

i 

Sept.    5 

15 

27,410 

178=     2 

Sept  19 
Sept  26 

2 

179=    45 

90 

25,596 

7.1861 

180=154 

Oct      9 

16 

27.015 

7.1745 

181  =  190 

Oct    11 

29 

32, 790 

7.2541 

182=    97 

Oct    13 

30 

31.124 

7.2546 

188—   12 

Oct.    l.*) 

29 

26.074 

7.1860 

Oct    17 

30 

26. 727 

7.2007 

Total .  .500 

Oct    18 

33 

35.367 

7.2811 

Mean ..  180.7  poands. 

Oct    19 

34 

38.703 

7.1997 

Oct    20 

80 

24,882 

7.1968 

Oct    22 

84 

28.710 

7.1671 

Oct    23 

31 

28,436 

7. 2012 

Oct    24 

80 

28,579 

7. 1757 

Oct    25 

81 

30. 214 

7. 1822 

Oct    26 

30 

34.098 

7.2480 

Oct    27 

33 

28,977 

7.0086 

Oct    29 

31 

32.715 

7.2517 

Oct    30 

31 

27,594 

7.1889 

Oct    31 

32 

26.836 

7.2231 

i 

PHYSICAL  PROPERTIES. 


Specimen. 

Density 

(actnal). 

Tenacity 
(actual). 

1 

Hardness 

(unit  of 

mea8ore= 

.1  inch). 

Maximom 

Minimnm 

Mean 

7.2811 
7.0086 
7.1982 

85.367 
24,882 
29,126 

15.05 

9.31 

12.92 
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Table  3. — Fifty  S-inch  muzzle-loading  rifles,  converted,  breech  in- 
sertion. 

The  tests  for  the  tubes  and  muzzle  collars  were  made  at  Gold  Spring, 
N.  Y. 

The  only  test  made  at  this  foundry  upon  this  contract  was  on  spec- 
imens taken  from. breech  before  piercing  of  gun,  South  Boston  FouDdr>, 
No.  2305,  used  to  replace  a  10-inch  Hodman  smooth-bore  gnn  spoiled  in 
boring. 

The  original  record  for  this  gun  made  at  time  of  casting  was:  Den- 
sity, 7.2310 ;  tenacity,  32,204.  The  test  specimens  from  breech  taken 
in  1884  gave :  Density,  7.2663;  tenacity,  36,959. 


Table  4. — Trial  cylinder  for  castings  of  mortar  and  guns,  made  under  contract  of  S^temker 

24,  1883. 

Four  trial  oylinders  were  oast  between  December  2  and   December  29,  1883.    Their  compoaitiaB 

was  as  follows  :J 


Iron. 


First   cylinder  (re- 
jected)   

Second  cylinder  (re- 
jected)   

Fourth  oylinder(re 
Jected) 


Third  cylinder 


ii 

It 


Lanesboro 
Shaparoon. 
Richmond . 
Moirkirk.. 

Dover 

Shaparoon . 

Richmond . 

Lanesboro 

Shaparoon. 


\ 


Richmond,  remelted 
No.  2  Lanesboro  ... 
No.  3  Richmond  . . . 


j-No.! 

7.2763 

No.  2 

7.2742 

No.3 

7.2822 

Na4 

7.2827 

fNo.l 

7. 3191 

No.2        .. 

7.2982 

»'XVn"  .. 

7.8277 

fXYlII".. 

7.3013 

Densitr. 


7.31 


7.33 


Tenacity. 


3e,000 


33,866 

29,176 

25.642 

29.444 

29,621  • 

•32,096 

*83.63i 

t29.975 

:32.220 


*Fractare  coarse. 


tinside. 


;Oatside. 


The  third  cylinder,  being  deemed  the  best,  was  cnt  ap  and'  specimens 
sent  to  Watertown  Arsenal  for  testing. 

Taule  b.—l2'iuck  muzzle- loading  Hfle  mortar,  hooped  with  9teel. 
[Test  specimens  taken  from  initial  tension  ring  cnt  from  mazzle.] 

TANGENTIAL  SPKCIHENS. 


Spei 

simen. 
1  .. 

No. 

No. 

2.... 

No. 

n.  .  •  . 

No. 

0   ..; 

No. 

10....: 

No. 

11.... 

Density. 


7.2660 
7.2740 
7. 2514 
7.2550 
7. 2615 
7.2754 


Tenacity. 


29. 403 
30. 328 
3I,75H 
30, 695 
31,669 
31,991 
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LONGITUDINAL  SPECIMENS. 


Outside... 

7.2155 

25,028 

Inside 

7.2595 

27,764 

No.  12.... 

7.2382 

31,506 

No.  13.... 

7.2885 

31,212 

No.  U  ... 

7.2622 

82,715 

No.  16.... 

7.2600 

29,188 

No.  16 

7.2471 

29,974 

No.  17.... 

7. 2495 

30,328 

initial  tension  cylinder ^ inohes..  32.375 

Kb  of  slot  before  raptare do 611 

til  of  slot  after  rapture L do 612 

1  extension  on  exterior do 101 

naion  per  linear  inch  of  exterior  circumfexence do 000998 

al  tension pounds..       16^750 


Table  6. — 12-inch  mttzzle-loading  rifle  mortar,  hooped  with  ateel. 

Bet;  specimens  taken  from  initial  tension  ring,  cut  from  experimental  hooping  cylinder  after  the 
B  "Were  remoyed.] 

TANGENTIAL. 


Specimen. 

Density. 

Tenacity. 

No.    9.... 
No.  10.... 
No.  11.... 

7. 2678 
7.2721 
7.2709 

•28,087 
1 31, 102 
130,560 

•Outside.     tMiddle.       :  Inside. 

»                    INITIAL  TENSION. 
n  diameter  initial  tension  ring « inches..  8L0461 


th.  of  slot  before  rupture do. 

,tl&  of  slot  after  rupture do.. 


I>ifrerence 


.do.. 


en  9ion  per  linear  inch  of  extwlor  circumference do ... . 

ti^  tension pounds.. 


0.5 
0.671 


0.071 


0.0007279 
12,00 


Table  7. — lO-inoh  hreedt-loeiding  rifle,  wire-iorapped. 
[Test  specimens  taken  fh>m  initial  tension  ring  out  from  muszle.] 

TANGENTIAL. 


Specimen. 

Density. 

Tenacity. 

No.l 

No.2 

No.3 

7.2942 
7.2849 
7.2819 

32,947 
80.163 
80,OS6 

LONGn?W)INAL. 


No.12  ... 

No.13 

No.14 

1 

7.2805 
7.2776 
7.2717 

82,716 
81,831 
32,278 
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INITIAL  TENSION. 

Width  of  slotafter  rapture ^ indies..      .MM 

Width  of  slot  before  mplnre do iM 

Difference do Iff 

ICeanof  three  diaoneters  of  rinir do 3i1! 

Extension  per  linear  inch  of  exterior  circnmferenoe do...      .W 

Initial  tension pounds..      IC, 


Table  8. — lO-incA  breech-loading  rifle,  wire-wrapped, 
(Test  specimens  taken  from  initial  tension  ring  cut  ftom  breeoh.] 

TANGENTIAL.  e 


Specimen. 

Density. 

Tenacity. 

Nal 

No.2 

No.3 

7.2889 
7.2811 
7.2804 

34,749 
32,861 
82, 715 

LONGITUDINAL. 


No.  12 

7.2787 

81,801 

No.  13 

7.2854 

82,770 

No.  14 

7.2726 

88,268 

No.  15 

7.2875 

82,701 

No.  16. .... 

7.2710 

34,801 

No.  17 

7.2708 

81,791 

INITIAL  TENSION. 
ICean  diameter  initial  tension  cylinder iachea..    81. 


Width  of  slot  before  rupture. 
Width  of  slot  after  rupture. . 


.do. 
do. 


Difference do. 


Extension  per  linear  inch  of  exterior  circumference. 


Initial  tension 


S 


...  do... 
pounds 


Table  9. — 12-tnoft  hreeoh-loading  casi-iron  rifle^  oaei  breech  up, 

[Test  si^ecimeos  taken  ttom  initial  tension  ring  cut  from  the  breech.] 

TANGENTIAL. 


Specimen. 

Density. 

Tenacity. 

No.l 

No.2 

No.3 

7. 3298 
7.2867 
7.8725 

35,508 
29,099 
88,438 

LONGITUDINAL. 


No.  12  .... 

No,  13 

No.  14 

\ 

7.8445 
7.2718 
7.3771 

88,455 
80,947 
88,236 
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Na20.... 

Nc2l 

No.  22 

7.2875 
7.3228 
7.3574 

33.213 
34,541 
84,630 

INITIAL  TENSION. 

rior  diameter  of  ring inches..  67.15 

bh  of  alot  before  mptnre do 6 

Ji  of  slot  after  ruptare do 6616 

Total  extension  on  exterior .* do 1616 

naion  iier  linear  inch  on  exterior ^. do 000899511 

U  tension .\...  pounds..  15.750 

'lie  other  specimens  from  the  breech  ring  will  be  sent  to  Watertown 
tenal  for  tests. 

Velveinch  breech-loading  cast-iron  rifle,  cast  breech  np,  mazzle  ring. 
B  has  not  been  taken  from  the  gan  3*et. 


Table  10. — DenHties  and  tenacities  of  Mnoh  §hot. 


Date. 

Nnmber 
cast. 

Tenacity. 

Density. 

1 

Date. 

Nnmber 
oast. 

Tenacity. 

Density. 

Nov.  21 
Nov.  23 
Nov.  24 
Nov.  26 
Nov.  27 
Nov.  28 
Nov.  30 
1 

10 
84 
12 
30 
20 
20 
20 

Dec.    1 
Deo.    3 
Deo.    4 
Deo.    6 
Deo.    0 
Dec.    7 

18 
20 
20 
20 
20 
20 

29,493 
28,614 
31.212 
28,254 
23,  HI 
29,178 

7.2419 
7.2295 
7. 2124 
7.1813 
7. 1711 
7.2868 

29.325 
25.907 
31. 176 
31, 085 
81,389 
24,934 

7.2338  ; 
7.2206 
7.1905 
7.2020 
7. 2128 

7.1608 ; 

Table  11.— Densities  and  tenadties  ofS-inch  shell. 


Date. 

Nnmber 
oast. 

Tenacity. 

Density. 

» 

Date. 

Nnmber 
oast. 

Tenacity. 

Density. 

Nov.  23 
Nov.  24 
Nov.  26 
Nov.  27 
Nov.  28 
Nov.  30 
Dec     1 

82 
18 
26 
20 
20 
24 
20 

1  Dec.     3 
Dec.     4 
Dec.     5 
Dec.     6 
Dec     7 
Dec.  29 

1 

19 
20 
20 
20 
20 
36 

29,797 
27,013 
28,784 
29,936 
27,311 
24.445 

7.2098 
7.2002 
7.1969 
7.1641 
7.2015 
7.1883 

28,247 
28.294 
27,404 
30,648 
23,166 
25,292 

7. 2178 
7.1894 
7. 1911 
7.2383 
7. 1547 
7.1839 

Table  12.— Densities  and  tenacities  o/A.^-inch  shot. 


Date. 

Nnmber 
cast. 

Tenacity. 

Density. 

Date 

Nnmber 
cast. 

Tenacity. 

Density. 

Dec  17 
Dec  18 
Dec  21 
Dec  22 
Dec  27 
Dec  29 

24 
42 

42 

17 

*       47 

9 

29.355 
27,810 
28,560 
28,206 
25.023 
29,669 

7.2308 
7.2257 
7. 2148 
7.1948 
7. 1914 
7.2316 

1884. 
Jan.     5 
Jan.     7 
Jan.     8 
Jan.  10 
Jan.  11 

14 
48 
16 
48 
10 

24.887 
27,687 
23.514 
25,733 
24,757 

7.2226 
7.2042 
7.1803 
7. 1741 
7.1249 

48f; 
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Table  13. — Densities  and  tenacities  of  A.S-inch  shell. 


Date. 

Number 
oaat. 

Tenaoity. 

Density. 

Date. 

Number 
oast. 

Tenacity. 

Denaity. 

Not.  23 
Not.  26 
Not.  27 
Not.  28 
Not.  80 
Dea    1 
Deo.     8 
Deo.    4 
Deo.    5 

29 
10 
31 
19 
20 
20 
20 
15 
17 

25,041 
28,729 
30.454 
30,239 
31, 919 
30,062 
28,518 
80,947 
27,410 

7. 2179 

7.2678 

7.2036 

7.2000 

7.2286 

7.2321  1 

7.1620 

7.2138 

7. 1721 

Dec    6 
Dec     7 
Deo.  10 
Dec  29 

1884. 
Jan.     1 
Jan.     3 
Jan.     5 
Jan.  11 

17 
17 
28 

17 

32 
32 
20 
20 

32,627 
26.055 
23.562 
28,431 

22,478 
23.824 
24.887 
24,757 

7.2228 
7.1872  ! 
7.1949 
7.1930 

7.1923 
7.1865 
7.2226 
7.1249 

Table  14.— Fifty  Butler  sabots  for  8-inch  projectile*  Compoaition: 
Copper,  75  per  cent. ;  zinc,  25  per  cent.    "No  tests  made  of  this  metaL 

Table  15. — Five  hundred  15-inch  solid  shot  for  15-inch  Bodnum 
smooth-bore  guns. 

The  castings  for  these  shot  were  made  from  iron  melted  in  the  "Hay- 
den  vapor  fuel  furnace.'^  The  details  will  be  given  in  a  report  (now  in 
progress)  upon  that  furnace. 

In  order  to  indicate  the  quality  of  the  castings  made  by  this  process 
the  following  grand  mean  results  are  given,  viz:  Density,  7.3044; 
tenacity,  32,856  pounds  per  square  inch. 


Appendix  32. 


ONSTRUCTION  REPOET  OF  3  AND  A\  INCH  PROJECTILES  WITH  BUTLER 
SABOT  FOR  MUZZLE-LOADING  RIFLES,  MADE  AT  THE  WEST  POINT 
FOUNDRY  NOVEMBER,  1883,  TO  FEBRUARY,  1884. 

BY  LIEUT.   ROGERS  BIRNIE,  JR.,  ORDNANCE    DEPARTMENT. 

(3  plates.) 

Daring  the  manufacture  of  these  projectiles  an  opportunity  was  Bf- 
orded  for  observing  defects  in  the  methods  used  in  casting  the  34nch 
hot  and  shell.  In  the  case  of  the  shot  an  improvement  was  made,  but 
rith  these,  and  especially  with  the  3-inch  shell,  a  different  method,  as 
he  foun<lers  themselves  recognize,  should  be  adopted.  This  will  con- 
ist  principally  in  more  careful  preparations  for  casting  and  the  use  of 
ron  core-boxes  instead  of  wooden  ones.  To  illustrate  this  matter,  I 
rabmit  a  somewhat  detailed  description  of  the  methods  used  in  casting, 
^hich,  in  connection  with  the  inspection  reports  herewith,  will  forcibly 
show  the  advantage,  to  the  manufacturer  as  well  as  the  Government,  of 
careful  ))reparations  fgr  casting.  The  following  projectiles  were  or- 
dered :  250  3-inch  cored  shot,  weight,  lOJ  pounds ;  250  3inch  shell, 
weight,  8i  pounds;  300  4 J  inch  cored  shot,  weight,  34f  pounds;  250 
4i-inch  shell,  weight,  31J  pounds. 

The  4i-inch  to  be  made  of  iron  having  a  tenacity  of  not  less  than  23,000 
and  the  3inch  of  not  less  than  18,000  pounds  per  square  inch. 

The  4^  inch  shot  was  designed  to  be  cast  with  a  core,  as  given  above, 
>ut  two  shot  cast  in  this  way  at  the  South  Boston  Iron  Works,  prepara- 
ory  to  making  the  same  projectiles  under  a  duplicate  order,  gave  a 
^eight  of  31J  and  31^  pounds,  respectively.  Following  this,  the  West 
oint  Foundry  was  requested  to  cast  a  few  sample  4J-inch  solid  shot, 
twining  the  exterior  dimensions  of  the  cored  shot;  the  result  gave  a 
ot  weighing  36  pounds,  with  iron  of  density  equal  to  7.2602  and  te- 
'•oity  of  27,000  pounds  per  square  inch.  Assuming  this  as  about  the 
^:^imum  density  that  would  be  obtained  in  the  manufacture,  one  of 
^se  sample  shot  was  reduced  by  turning  off  the  base  in  order  to  bring 
"^vithin  the  limit  of  +  1^  percent,  of  thestandard  weight  of  34J  pounds. 
t>on  reporting  the  results  of  this  investigation,  the  Chief  of  Ordnance 
^^d  the  standard  weight  of  the  shot  at  35  pounds,  and  directed  that  it 
^  €a«t  solid  with  dimensions  shown  in  Plate  I.  The  dimensions  of  the 
^^aining  projectiles  as  manufactured  are  given  in  the  same  plate. 
"Xhe patterns  and  molds  prepared  for  casting  the  4^inch  projectiles 
^  shown  in  Plate  II,  and  those  for  the  3-iuch  in  Plate  III. 

4i-IN0H  SHELL  CASTINGS. 

Careful  preparations  were  made  for  these,  including  an  iron  core-box, 
*ig.  1,  Plate  II,  in  which  a  hollow  core-stem  is  carefully  adjusted  by 
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means  of  the  cone  and  exterior  nnt  at  its  upper  end.    Tlie  cross-bar  in 
the  flask,  Fig.  5,  is  arranged  to  receive  this  cone  with  the  same  adjost- 
ment  after  the  core  has  been  made.    Besides  this,  the  shell  pattern,  Fig. 
2,  has  an  iron  stem  projecting  from  the  wood  which  likewise  fits  in  the 
cross-bar  of  the  flask,  and  in  this  way  the  exact  dimensions  of  the  mold, 
when  finally  arranged  for  casting  in  the  flask,  are  assured.    Fig.  3  repre^ 
sents  a  plan  of  the  woollen  molds  used  for  making  the  sand  stem  of  tlie 
core,  the  space  within  the  iron  flask  being  too  confined  for  tampiDg  this 
portion  of  the  core.    In  using  these  molds,  the  iron  stem  after  being 
wrapped  is  laid  in  the  lower  half,  the  sand  is  then  filled  in  and  ronnded 
about  it  and  afterwards  compressed  and  shaped  by  placing  the  upperhalf 
of  the  mold.    The  core-stem  is  made  of  a  piece  of  iron  gas-pipe  0.4  inch 
exterior  diameter,  the  smallest  size  made  being  used  for  these  project- 
iles.*   This  stem  is  perforated  in  a  number  of  places  and  wrapped  with 
hemp  to  allow  free  escape  of  the  gas  developed  during  the  casting,  and 
thus  prevents  the  core  from  bursting.    These  projectiles  were  cast  two  in 
each  flask  with  the  point  down,  as  shown  in  Fig.  5,  Plate  II,  sindariser 
was  provided  from  the  base  of  each.    It  was  not  found  necessary  to  feed 
the  casting  through  the  riser  as  in  the  case  of  larger  projectiles.  The 
pattern,  Fig.  2,  following  the  usual  practice  for  all  projectiles,  was  made 
about  0.2  inch  larger  than  the  finished  size  over  the  cylindrical  portion, 
to  allow  for  finishing.    This  surface  is  joined  to  the  head  by  a  shoolder, 
which  is  entirely  removed  in  the  finishing,  and  permits,  as  has  been 
found  by  experience,  a  better  finish  than  if  the  curve  of  the  head  were 
distorted  and  joined  to  the  suiplusage  of  the  body  as  a  tangent    Id  tiie 
direction  of  the  length  the  only  surplus  allowed  for  finishing  was  aboat 
one-sixteenth  of  an  inch  at  the  rear  and  one-eighth  of  an  inch  at  the 
front  of  the  cylindrical  portion. 

It  may  be  remarked  here  that  the  usual  method  is  to  cast  shell  with 
the  base  down  to  insure  strength  in  that  portion.  But  with  projectiles 
of  this  size  it  is  not  deemed  a  matter  of  importance.  Moreover,  in  that 
case  "  feeding'^  is  generally  resorted  to,  and  with  the  "  riser"  comin; 
fi*om  one  side  of  the  head  the  lightness  of  the  stem  in  these  projectiles 
would  endanger  the  disarrangement  of  the  core  under  this  process  wiA 
the  continued  feeding  of  hot  iron  so  near  it. 

The  following  gives  the  record  of  castings  for  these  projectiles,  indnd- 
ing  the  average  weight  of  projectile  in  the  lough  and  the  tenacity  and 

*It  woald  be  better  in  this  case  to  use  the  next  larger  size  of  gas-pipe — g  inch  ex- 
terior diameter — as  it  would  be  much  more  durable ;  the  smallest  size  above  shoold 
be  used  onlv  for  projectiles  of  about  3-inch  caliber. 

The  suitable  size  of  stem  (gas-pipe)  for  a  core  depends  primarily  upon  the  caliberof 
the  projectile.  For  an  8-inch  projectile  not  less  than  a  five-eighths  inch  (exterior 
diameter)  pipe  should  be  used,  and  for  a  lO-inch  a  seven- eighths  inch  (exterior  dilD^ 
ter. )  Frouh  this  we  arrive  at  the  practical  minimum  diameter  that  should  be  fixed  for 
the  fuse  or  screw  plug-hole  of  the  several  calibers,  since  the  hemp  and  sand  plaM^ 
around  the  stem  may  have  at  the  least  a  thickness  of  one-eighths  incn,  but  better  thre^ 
sixteenths  inch,  or  even  more.  We  have,  then,  the  following  minimum  diameters  of 
sand  stem,  or  what  is  the  same  thing,  of  fuse  or  screw- plug  hole  in  the  rough:  For ajl 
3-inch  projectiles,  or  4i-lnch  ahoty  0.525  inch  ;  for  4i-inch  shell  and  intermediste  eili- 
hers  to  include  an  8-inch  shot,  0.875  inch ;  for  an  8-inch  shell  and  larger  calibers  of 
projectiles,  1.25  inches;  and  allowing  at  the  least  one-sixteenth  of  an  inch  on  i  ^ 
lor  finishing,  we  find  that  the  minimum  clearance  for  the  fuse  or  screw-plug  hole,  to 
allow  a  safe  casting  of  the  several  classes  named,  should  be,  resi>ectively,  0.75, 1.0,  ao^ 
1.375  inches.  Otherwise,  one  of  two  expedients  must  be  adopted — either  to  caat  tho 
projectile  with  a  core  stem  too  light  for  the  work  it  has  to  do  and  thus  entail  loss,  or 
to  cast  with  a  suitable  stem  and  afterwards  reduce  the  diameter  of  the  finished  bolo 
by  means  of  a  thimble.  This  latter  expedient  is  resorted  to  where  the  diameter  of  the 
eUindard  fuse  is  within  the  minimum  clearance  given  above. 
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sity  of  the  metal.    All  the  castings  were  made  directly  from  the  air- 
lace: 

Record  of  C€ist%ng9—\\-%nch  shell. 


.2 

Charge  of  iron  in 

■«a    . 

percentages. 

^ 

a 

ei 

9 

Date. 

a 

o 
o    . 

hC4 

i 

• 

Remarks. 

S  1  ^ 

1 

U  (8 

1 

1 

0 

s      > 

A 

0         .S 

o 

9 

^ 

< 

to 

tt      1  <1 

H 

P 

1883. 

1 

1 

Dec.  12 

24     31.5 

60. 0     30. 0 

25.312 

7.2187 

)  Specimens  taken  from 

Deo.   27 

52     31. 2 

66. 6     33. 3 

24.725 

7. 1724 

>     4^-inch  solid  shot  of 

Dec.  31 

74     81. 4 

12.9 

61. 5     25. 5 

28,675 

7.2318 

)     same  castings. 

1884. 

1 

Jan.     3 
Jan.     5 

74  ,  31.4 
60     31.4 

1 

i 

13.0 
18.0 

62.0 
62.0 

25.0 
25.0 

22,492 
,  25,949 

7.2038 
7.2038 

)  Specimens  taken  lW>m 
>     3-inch  round  bar  of 
)     some  castings. 

4i-INCH  SHOT  CASTINGS. 

n  making  this  projectile  solid  the  casting  became  a  simple  matter. 
3  pattern,  Fig.  ^9  Plate  II,  was  made  with  the  usual  surplus  about 
body  and  short  cylinder  at  the  point  to  insure  a  good  finish.  In 
:.  5,  the  mold  is  arranged  for  casting  with  the  base  up ;  some  of  these 
•r,  however,  were  cast  with  the  point  up,  to  the  detriment  of  their 
klity.  With  this  latter  mode  of  casting,  some  of  the  points  lacked 
idity  when  finished — certainly  an  undesirable  quality  in  a  shot.  The 
owing  gives  the  record  of  castings  for  these  projectiles.  Two  of  the 
»  were  cast  at  the  same  time  with  the  shell  given  above.  These  pro- 
tiles  were  also  cast  directly  from  the  air-furnace : 

Record  of  ca9txnge—A\-inck  eolid  ehot. 


Average    weight    in 
rough  state. 

Charge  of  iron  in  per- 
centages. 

Remarks. 

1 

Date. 

1 

E 

B 

4 

58 
84 
80 
80 
36 

Q 

O 

c4 

• 

o 
>^ 
a 
% 

0 

Pd 

4&3 
69.0 
66.6 
50.0 
48.4 
66.6 

% 
ee 
ad 

. 
o 

CO 

• 

s 

• 

a 
o 

1883. 
Dec.     3 
Dec   12 
Dec.   15 
Dec  20 
Dec  22 
Dec  27 

87.0 
35.5 
35.0 
35.3 
35.6 
35.7 

5.6 

•     •  a    *   .   . 

46.0 
30.9 
33.3 
50.0 

33.' 3 



"b\.h 

27,019 
25. 312 
29,041 
26.  928 
27,692 
24, 725 

7.2602 
7.2187 
7. 2120 
7.2283 
7.9655 
7. 1724 

All     specimens 

taken  rrom  shot, 

*    one  of  each  lot 

being  cut  up  for 

the  purpose. 

J 

3IN0H  SHELL  CASTINGS. 

lie  method  at  present  in  vogue  at  this  foundry  involves  the  use  of 
xlen  core-boxes  for  casting  projectiles  of  this  caliber.  Fig.  1,  Plate 
,  shows  the  plan  and  elevation  of  one-half  the  core  mold  for  shell. 
3  stem  consists  of  a  straight  piece  of  iron,  0.375  by  0.1  iuch  ixv  ctoe&- 
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section,  turned  at  the  point  (not  shown  in  the  drawing)  to  hold  the  saDd, 
and  having  an  eye  at  the  base  for  adjustment  of  the  core  in  the  flask. 
In  making  the  core  the  halves  of  the  box  are  filled  separately  with  the 
stem  half  imbedded ;  a  wire  is  laid  under  the  stem  in  each  half  to  gi?e 
a  double  vent  throughout  the  length  of  the  core.  After  the  halves  have 
been  made  they  are  stuck  together  with  clay  wash.  The  sand  stem  \& 
made  conical  for  the  same  purpose  as  in  the  case  of  the  iron  box.  The 
pattern,  Fig.  2,  is  also  made  entirely  of  wood,  and  has  a  stem  at  the 
point  to  prepare  a  print  in  the  flask  for  the*reception  of  the  sand  stem 
of  the  core.  The  iron  stem  is  not  wrapped  with  hemp.  These  project- 
iles were  all  cast  base  up,  and  arranged  two  in  a  flask  with  two  shot 
of  the  same  caliber,  as  shown  in  Fig.  5,  Plate  III.  A  single  riser  was 
arranged  for  the  two  shells,  and  opened  from  the  junction  of  the  upper 
and  lower  portions  of  the  flask  instead  of  from  the  base  of  the  project- 
ile. The  pattern,  Fig.  2,  was  made  with  relatively  the  same  surplos 
for  finishing  as  in  the  case  of  the  4^-iuch  shell.  The  following  gives  the 
record  of  castings : 

Beoord  of  casUnga, — 3-inch  shell. 
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Charge  of  iron  in  percentages. 
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eS 

JQ 

a 
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-< 

■ 

O 

s 

•a 

1 

8 

00 

'9 

a 

1 

o 

z 

i 
s 

1 

1883. 

Nov.  24 
Deo.     3 

50 
33 

8.0 
0.0 

13.0 
5.6 

42.0 
48.3 

36.0 
46.0 

12.0 



50.0 
41.6 

50.0 
16.6 

•  • 

24,733 
28,108 

7.Sfl 

41.6 



7.aMi 

Dec.     6 
Deo.  12 
Dea   15 
Dec.  27 
Deo.  31 

50 
50 
50 
50 
50 

8.83 

9.0 

8.8 

8.8 

8.9 

6.0 

•  •  •  «  • 

47.0 
69.0 
66.6 
66.6 
61.5 

47.0 
30.9 
33.3 
33.3 
25.5 

46.  or 

29.1 
50.0 
28.7 
30.3 

30.0 
21.5 
30.0 

24.0 

1 

25,011 

7.1W 

49.2 

io.i' 

3.3 

20.0 
23.5 
54.1 

1 

28.7 
12.5 

1 

22.402 

7.a« 

1884. 

Jan.   24 

50 

as 

24.0 

67.7 

ia3 

40.3 

•  ■  •  ■  ■ 

9.2 

50.4 

A 

24.870 

7.18:5 

Jan.   29 

18 

9.0 

...... 

57.4 

42.5 

( 

50.0 





50.0 

? 

25,895 

7.SM! 

Note.— SpecimenA  taken  in  each  case  from  ronnd  bar  of  same  casting. 

3-INCH  SHOT  CASTINGS. 

Figs.  3,  4,  and  5,  Plate  III,  show  the  final  arrangements  adopted  for 
casting  these  projectiles.  The  changes,  which  were  made  after  a  Dom- 
ber  had  been  cast,  consisted  in :  (1)  Increasing  the  diameter  of  the  sand 
stem  of  the  core*;  (2)  making  the  length  of  base  about  three-eighths  of 
an  inch  surplus ;  and  (3)  carrying  a  separate  riser  from  the  base  of  each 
shot.  At  first  the  sand  stem  of  the  core  was  made  but  0,5  inch  diam- 
eter, and  the  iron  stem  within  was  but  0.25  by  0.0625  inch  in  cross-aec- 
tion.  Afterwards  the  sand  stem  was  enlarged  to  0.625  inch  diamet^f 
and  the  same  iron  was  introduced  as  in  the  shell.  At  first  also  the  pat- 
tern  was  made  to  cast  a  finished  base  (at  rear),  and  one  riser  was  fiicd 
for  the  two  shot  as  for  the  shell.  Under  the  first  arrangements  many 
of  the  shot  were  eccentric  because  the  core-stem  was  too  light,  and  manj 
others  were  def ectWe>  a\>  \\i^  \i«^^*   Tck<^  V^tt^r  defect  was  entirely  reme- 
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died  by  providing  an  increased  length  of  base  to  be  turned  off  and  hav- 
ing a  riser  from  the  base ;  the  change  in  the  riser  alone  wonld  probably 
have  effected  the  improvement  at  the  base.  In  fixing  the  core  of  the 
shot  in  position  in  the  flask,  the  sand  stem  was  fastened  into  the  print 
made  by  the  pattern  by  a  paste  of  clay  wash. 
The  following  gives  the  record  of  the  castings : 

Record  of  castinqa. — 3-tJioA  shot. 


Date. 


1883. 
KoT.  24 
Dec  3 
Deo.  6 
Deo.  12 
Deo.  15 
Dec.  27 
Dec.  31 

1884. 
Jan.     5 
Jan.  24 
Jan.  29 


3 

s 

9 


50 
34 
50 
50 
60 

50 
50 


52 
50 
61 
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JB 

•mm 
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Charge  of  iron  in  peroentagee. 
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11.3 

11.3 

11.1 
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11.4 
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6,0 
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42.0 
48.3 
47.0 
69.0 
66.6 
66.6 
61.5 
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46.0 
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30.9 
33.3 
33.3 
25.5 
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57. 4     42.  5 
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28.7 
12.5 


21.1 
40.3 
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60.0 
41.6 
46.0 
29.1 
50.0 
28.7 
30.3 


9.0 
50.0 
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.a 
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41.6 
30.0 
21.5 
30.0 


19.1 
3.3 


18.2 
9.2 


T3 
9 
9 
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50.0 
16.6 
24.0 


20.0 
23.5 
54.1 


51.1 
50.4 
50.0 


9 

9 
O 
U 

p. 

9 


9 
O 

r 

o 

I 

(14 


A 


9 
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24,733 
28,108 
25,  on 


9 


7.2351 
7.2060 
7.1897 


22,402 


22,454 
24,870 
26,895 


7. 2140 


7.2034 
7.1875 
7.2442 


Note.— Specimens  taken  in  eacfa  caec  from  round  bar  of  SMne  casting. 

The  3-inch  projectiles  were  all  cast  from  a  mixture,  varying  from  one- 
third  to  one-half  of  cupola  iron  and  the  remaiuderof  air  furnace  iron — 
the  two  being  mixed  in  a  molten  state.  This  mixture  gave  in  each  case 
more  than  the  required  tenacity  of  18,000  pounds  per  square  inch.  But 
it  is  believed  that  many  of  the  defective  3-inch  castings  arose  from  the 
high  nature  of  the  iron  used,  it  being  apparent  that  for  a  casting  of  this 
size  a  smooth  and  soft  iron  of  barely  more  than  the  requisite  tenacity 
would  in  general  be  best.  As,  however,  the  ordinary  run  of  cupola  iron 
used  for  current  work  could  not  be  depended  upon  to  give  a  tenacity  of 
18,000  pounds,  it  became  necessary  to  use  the  mixture  which  was  soft- 
ened by  the  addition  of  the  cupola  iron.  Another  defect  arose  from 
this  mixture  in  that  the  iron  sometimes  lacked  the  requisite  cleanness. 
A  large  proportion  of  the  3-inch  shell  were  eccentric,  and  there  were 
also  many  defective  castings. 

In  connection  with  what  has  been  said,  a  comparison  of  the  percent- 
age of  losses  in  the  4J-inch  shell  cast  with  the  use  of  an  iron  core- box 
with  the  losses  for  the  3  inch  projectiles  will,  make  it  apparent  that  the 
same  preparations  should  be  made  for  casting  the  latter  as  the  former, 
including  an  iron  core-box  and  flask  adapted  to  it^  with  a  riser  also  from 
the  base  of  each  projectile ;  and,  preferably,  cupola  iron  from  a  selected 
charge  should  be  used. 

The  records  of  the  final  inspection  of  the  several  lots  of  these  pro- 
jectiles follow  herewith. 

Note. — In  Justice  to  the  manufacturers  it  mnst  be  stated  that  their  orders  for  3-iQoh 
projectilee,  within  late  years,  have  been  so  limited  that  there  has  been  little  or  no 
inducement  for  them  to  incur  the  expense  incident  to  changviitg  tVi«\t  Q\dL.-«j&\>^Cc:Xv^^^ 
methods  of  casting  to  conform  to  the  more  exact  Teqnitement^  oi  \)\i^  \^T^^^\iX>  ^^"3* 
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PACKING  BOXES. 


The  following  statement  shows  the  dimensions,  &c.,  of  the  boxes  used, 
and  the  number  of  projectiles  packed  in  each : 


ProJectileB. 


Packing  1)0X68. 


Kind. 


No. 


4|-inch  shell 
4l-inch  shot . 
34nch  shell.. 
3-inch  shot . . 


Interior  dimensions. 


Length.  Width,  i  Depth. 


Gross 
-.^  *  .  ^  'weight  of 
Weight    package, 
of  box    I  ^      ^ 
empty. 


Harks  on  end  of  box. 


5 
5 

12 
12 


Inchet. 

Inchet. 

22.3 

12.25 

22.3 

11.1 

17.9 

7.5 

17.9 

7.5 

Inehea. 

4.5 

■  4.5 

7.0 

7.0 


Pounds, 
18. 
17. 
16.5 
16.5 


Pound*. 
173. 
202. 
112. 5 
142.5 


W.  P.  F.,  5  4|-inch  Batler  shell 
W.  P.  F.,  5  4i.inch  Batler  shot 
W.  P.  F..  12  3-inch  BoUer  absfl.  | 
W.  P.  F.,  12  3-inch  Bntlershot 


The  boxes  are  made  of  inch  pine  boards,  fastened  with  nails,  and  boand 
at  tl^e  ends  with  hoop  iron  ;  the  size  is  adapted  to  the  projectiles,  ro  that 
no  packing  material  was  necessary.  The  4iinch  projectiles  are  laid  in 
a  single  tier  with  the  ends  reversed,  to  protect  the  sabots  and  equalize 
the  weight;  with  the  shot,  straight  pieces  about  1  inch  square,  and  equal 
in  length  to  the  depth  of  the  box,  were  set  on  either  side  of  each  point 
The  3-inch  projectiles  are  similarly  packed,  with  the  ends  reversed  acrow 
the  box,  but  in  two  tiers,  with  a  false  bottom  laid  between. 

Inspection  report  o/A^'inrh  ogivaUluaied  Butler  shell  for  muzzle-loading  rifiet,  made  for  tU 
United  Stau-s  Ordnance  Department  by  the  West  Point  Foundry  Association,  at  the  West  Psisi 
I'oundry,  under  contract  of  the  Chief  of  Ordnance,  U,  S.  Army,  dated  November  13,  IftS, 


Sabjeet  of  measurement. 


PBOJECTILE. 

Leo gth  of  cylindiical  portion  of  body inches. 

Length  of  head do. . . 

Length  of  base  for  sabot do... 

Total  length  uf  pnvjectile do... 

Diameter  of  cylmdrical  portion         do . . . 

Diameter  of  base  at  bottom  of  threads do . . . 

Radiusofhead        do... 

Thickness  of  bottom do. . . 

Length  of  interior  cavity ....do... 

Thickness  of  walls  at  2.3  inches  from  base do. . . 

Thickness  of  walls  at  7.35  inches  from  base do  . . 

Eccentricity  of  axis  of  interior  cavitv .     do 

Diameter  of  fuze  hole  at  bottom  of  tnreads , do. . . 

Pitch  of  thread  on  fuze  (or  screw-plng)  hole 

Length  of  thread  on  fuze  (or  screw-plug)  hole inch. 

Weight  of  projectile  without  sabot pounds. 

BAUOT.     ' 

Height  of  Rabot inches. 

Exterior  diameter  of  sabot do... 

Interior  diameter  of  sabot do. . . 

Maximum  thickness  of  outei  lip do... 

Minimum  thickness  of  outer  lip do... 

Depth  of  cannelure do. . . 

Maximum  width  ...• do... 

Weight  of  sabot pounds. 

Weight  of  sabot  and  projectile do. . . 


Prescribed  j   Allowed    i 
dimensions. .  yariaUona.  < 


Number  of  i^-inrh  Butler  shell  examinecl .  289 
Kiunber  rejected  fur  ecceutricit}'^  of  in- 

terior  cavity  8 

Number  r^ected  fordcfects  in  material  <»r 

finish 11 

Total  numbet-  rejected 19 

Total  number  accepted 250 

Weight  of  heaviest  one  accepted  (includ- 
ing sabot) 31.25 

Weight  of  lightcat  one  accepVyJi  VVTic\v\(l- 
ing  sabot)  '^•1^ 


Weight  of  total  number  accepted  (exolud- 

iug  saltots) ...     7,I(S| 

Mean   weight  of    projectile    (excluding 

sabot) 28. W 

Number  of  sabots  examined 2M 

Number  of  sabots  accepted  2S0 

Weight  of  total  number  accepted 559 

Mean  weight  of  sabot 12 

Weight  of  total  number  of  shot  and  sabots 
«K:^V'^%\ 2S9 
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'  I 


Density    (ac- 
tual). 

Tenacity. 

Sabot  metal. 

Specimen. 

Pre- 
scribed. 

Actual 

tious.           **°°»- 

Mean  of  6  spedmens 
Average 

(From  7.1724 
)  To       7. 2318 

!28,000 

From  22, 402 
{To      28.675 

—600 

From  —    502 1  75  parts  copper. 
To      +5,6751  20  pans  zluc. 

7.2061 

25,430 

-f2.43U 

I 

1 

BSMABXB.— Hade  after  drawing  attached  to  contract.  Shippe<l  Fobi-nar>  11,  1884,  to  New  York 
Anenal,  Governor's  Island,  New  York. 

I  certify  that  I  have  carefully  inspected  the  above-noted  projectiles  and  that  they  conform  to  the  di- 
menalons  prescribed  within  the  variations  allowed ;  and,  further,  that  th^  terms  of  the  contract  as  to 
material  and  workmansbip  have  been  complied  with  in  their  mainafacture. 

R.  BIKNIB,  Jr., 
Lieutenant  of  Ordnance,  Intpeetor. 
Date  of  inspection,  January  30,  1884. 


Jutpection  report  of  4^ifioh  ogiral-headed  Bntltr  solid  elmt  for  muzzh'-loQding  rifleSj  mad0 
far  ike  United  Statee  Ordnance  Department  by  the  iyeat  Foutt  Foundry  Jieociation^  at  ih0 
iVeet  Point  Foundry f  undtrr  extract  of  the  Chief  of  Ordnance^  U.  S,  Army^  dated  ifoven^ 
her  13, 1»83. 


Subject  of  measurement. 


PBOJXCTIUt. 

Length  of  cylindrcial  portion  of  body .inches. 

Length  of  head do... 

Lmgth  of  base  for  sabot ......do... 

Total  length  of  proJecMle do... 

Diameter  of  cylindrical  portion do... 

Diameter  of  base  at  bottom  of  threads do. . . 

Radius  of  head do... 

Thickness  of  bottom do  .. 

Weight  of  projectile.. pounds 

BABOT. 

Height  of  sabot inches. 

Exterior  diameter  of  salMt do... 

Interior  diameter  of  sabot do. . . 

Maximum  thickness  of  outer  lip do. . . 

Minimum  thickness  of  outer  lip do  .. 

Depth  of  cannelure do 

Maximum  width  — do... 

Weight  of  sabot pounds. 

Weight  of  sabot  and  projectile do... 


Prescribed 

Allowed 

dimensions. 

variations. 

6.77 

-H.115 

5.02 

-0.1 

1.1 

d0.05 

11.1 

zl-O.ll 

4.46 

±0.01 

3  U6 

±0.01 

6.75 

±0.06 

1.525 

±0.1 

32.8 

1.1 

±0.01 

4.46 

±0.01 

3.06 

±0.01 

0.25 

i0.01 

0.15 

±0.01 

0.6 

±0.01 

0.2 

±0.01 

2.2 

35.0 

0.525 

Ifumber  of  4|-inch  solid  shot  examined . . .  305 
Number  rejected  for  defects  in  material  or 

finish 6 

Total  number  rejected 5 

Total  number  accepted    ...  300 

Weight  of  heaviest  one  accepted  (includ- 
ing sabot) 85.26 

Weight  of  lighteet  one  accepted  (includ- 
ing sabot) ... .-. 34,75 

Weight  of  total  number  accept<Ml  (exclud- 
ing sabots) 9,837^ 


Mean    weight   of    projectile    (excluding 

sabot)   32.79 

Number  of  sabots  examined 811 

Nomber  of  sabots  rfjeoted  for  defects  in 

material  or  finish 11 

Tptal  number  of  MftbotH  rejected 11 

Number  of  sabots  accepted 2100 

Weight  of  total  number  accepted 660 

Mean  weight  of  sabot 2. 2 

Weight  of  total  num  ber  of  shot  and  sabots 
accepted 10. 407^ 
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PHYSICAL  PROPERTIES. 


Specimen. 

Density    (ac 
tual). 

Tenacity. 

1 

Pre- 
scribed. 

23,000 

Actnal. 

Allowed 
varia- 
tions. 

Actaal  varia- 
tions. 

Sabot  netsL 

1 
Mean  of  6  specimens 

5  From  7. 1724 
{To       7.2655 

^From24,725 
^To      29,041 

-090 


From  -Hi,  725 
To      +6. 041 

75  parts  copper. 
25  parts  siDC 

ATcrage 

7.226 

26,786 

■ 

-1-3, 7W 

Ebmaukb. — Contract  drawing  modified  by  letter  Chief  of  Ordnance,  dated  December  8, 1B83 ;  vn- 
scribed  weight  of  shot  fixed  by  same  at  35  poands,  and  ordered  to  be  cast  solid.  Standard  dravlag. 
Inspector's  file  No.  224.  Shipped  February  11,  1884,  to  New  York  Arsenal,  Governor's  IsUnd,  H«v 
York. 

I  certify  that  I  have  carefully  inspected  the  above-noted  projectiles  ud  that  thev  oonfona to  th« di- 
mensions'prescribed  within  the  variations  allowed  ;  and,  farther,  that  the  terms  of  the  oontzactas  to 
material  and  workmanship  have  been  complied  with  in  their  manufacture. 

R.  BIRNIE.  Jr., 
Lieutenant  of  Ordnance^  Znepeetar. 

Date  of  inspection,  January  12, 1884. 


Inspection  report  o/3-inc/i  ogivaUheaded  Butler  shell  for  muzzle-loading  rifles,  made  for  On 
United  States  Ordnance  Department  by  the  West  Point  Fomndry  Asaociaiion,  at  the  Weii 
Point  Foundry  t  undei-  contract  of  the  Chief  of  Ordnance^  (7.  S.  Army,  dated  November  13, 


Subject  of  measurement. 


j  Prescribed     Allowed 
dimensions,  variations. 


PROJECTILE. 

LenjTth  of  cylindrical  portion  of  body inches. 

Length  of  bead do  — 

LcDKth  of  base  for  sabot do. . . 

Tutal  length  of  projectile do  . . 

Diameter  or  cylindrical  portion do  .. 

Diameter  of  base  at  bottom  of  threads  do 

Rariias  of  head  do  .. 

Thickneits  of  bottom  do 

Lenfrth  of  interior  cavity do 

Thickness  of  whIU  at2.(i5  inches  from  base do  .. 

ThickueSH  of  wallH  at  4.8  inches  from  base do... 

Eccentricity  of  axis  of  interior  cavity  do  . . 

Diameter  of  fuze  hole  at  bottom  of  threads do 

Pitch  of  thread  on  fuze  (or  screw-plus)  hole do  .. 

Length  of  thread  on  fuze  (or  screw-plug)  hole. . .  .f}fi  . . 
Weight  of  projectile pounds 

BABOT. 

Heightof  sabot inches.. 

Exterior  diameter  of  sabot do 

Interior  diameter  of  sabot  do 

Maximum  thickness  of  outer  lip ... .« do . . . 

Minimum  thickness  of  outer  lip do 

Depth  of  cannelure do 

Maximum  width do  .. 

Weigii  t  of  sabot pounds  . 

Weight  of  sabot  and  projectile do  .. 


5.2 

2.3 

0.9 

7.5 

2.97 

L97 

3.71 

1.0 

6.6 

0.44 

0.44 


1.04 
12  to  the 
1.0 
7.4S5 


I 

+ai04 

-0.046 

±0.05 

±0.075 

±0.01 

±0.01 

±0.05 

±0.1 

±0.1 

0.045 
±0.01 
iBch. 


0.9 

2.97 

1.97 

0.15 

0.1 

0.5 

0.15 

0.795 

8.25 


0.124 


Number  of  3-inch  Butler  shells  examined . .  894 
Number  rejected  for  erroneous  dimensions 

of  head 50 

Number  rejected  for  erroneous  dimensions 

of  cyllndric  body  or  base 3 

Number  rejected   for  eccentricity  of  in- 
terior cavity 87 

Number  rejected  for  defects  in  material  or 

finish 64 

Total  number  rejected 144 

Total  number  accepted 260 

Weight  of  heaviest  one  «A^cepted  VViit\\k^- 
ing  sabot) ^^^ 


\ 


Weight  of  lightest  one  accepted  (includ- 
ing sabot) li 

Weight  of  total  number  accepted  (ex- 
cluding sabots) 1,8M.S 

Mean  weight  uf  projectile  (excluding  mi- 

Number  of  sabots  examined 2S<Il 

Numb(*r  of  sabots  accepted 2S9. 

Weight  of  total  number  accepted       ...     181 7S 

Mean  weight  of  sabot &i15 

Weight  of  total  number  of  shot  and  sabcrts 
%.cQAT}ted S^OMlV 
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PHYSICAL  PEOPERTIES. 


Density    (ftct- 
oal). 

Tenacity. 

Sabot  metal. 

Specimen. 

Pre- 
scribed. 

ActusL 

Allowed 
varia- 
tions. 

Actual 
variations. 

Mean  of  6  specimens 
Axerage 

C  From  7. 1875 
{  To       7.2442 

^18,000 

SFrom22,454 
)To      28,108 

-540 

From  +6, 454 
To     +10, 108 

75  parts  copper. 
25  parts  zinc. 

7. 2176 

24,790 

+6,790 

Rkmarkb:  Made  after  drawins  attached  to  contract.  Shipped  February  11,  1884,  to  New  York 
Arsenal,  Governor's  Island,  New  York. 

I  certify  that  I  have  carefully  inspected  the  above-noted  projectiles  and  that  they  conform  to  the 
dinaenaions  prescribed  within  the  variations  allowed ;  and,  further,  that  the  terms  of  the  contract  as 
to  material  and  workmanship  hare  been  complied  with  in  tbeir  manufacture. 

R.  BIRNIE,  Jr., 
Lieutenant  of  Ordnance,  Inapeetor. 
Date  of  inspection,  February  7,  1884. 
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Appendix   32a. 


iSVFACTURE  OF  8AB018  FOR  MUZZLE-LOADING  PROJECTILES. 

BT  LIEUT.   R.  BIRNIB,  JR.,   ORDNANCE  DEPARTMENT. 

(1  plate.) 

e  following  notes  relate  to  the  manufacture  of  the  Butler  sabot  by 

lethod  at  present  in  vogue  at  this  foundry. 

9  composition  is  an  alloy  containing  70  parts  copper  and  30  parts 

These  metals  are  carefully  selected  for  purity,  the  best  brands  in 
larkets  being  purchased.  Those  at  present  used  are :  Lake  Supe- 
ngot  copper,  Qaincy  Mining  Company,  and  Bergenport  spelter, 
t  from  pure  Lehigh  ore.  The  Lehigh  spelter,  which  some  years 
held  the  first  place  in  the  market,  is  said  to  be  no  longer  manu- 
red. 

commencing  an  order,  dated  May  27, 1884,  for  300  of  these  sabots 
inch  muzzle-loading  projectiles,  only  new  metals,  as  above,  were 

and  no  brass  or  composition  was  afterward  introduced  in  the 
^es  of  the  furnaces  except  the  '^  gates  "  and  chips  from  current 
Qgs,  together  with  an  occasional  imperfect  casting.  The  castings 
examined  as  soon  as  made,  and  the  imperfect  ones  laid  aside  for 
Iting.  The  imperfections  apparent  at  this  stage  consist  principally 
nties  in  the  outer  surface,  but  it  may  happen  that  the  metal  in  the 
ble  becomes  too  cool  before  its  contents  are  emptied,  in  which  case 
r  more  of  the  last  castings  poured  from  it  will  be  imperfectly  filled 
A  casting  which  passes  this  first  inspection  is,  if  the  patterns  are 
ally  made  to  give  sufficient  metal  for  the  finish,  rarely  thrown  out  in 
nishing  shop  or  at  the  final  inspection.  At  this  inspection  serious 
ts  may  be  anticipated  only  under  the  **  gate."  There  the  metal 
be  drawn  and  more  or  less  honey-combed  under  the  surface,  with 
kps  only  a  small  orifice  at  the  exterior ;  elsewhere  probably  all  the 
Batures  of  the  metal  will  be  apparent  on  the  surface. 
)  patterns  are  made  almost  entirely  of  hard  wood,  but  finished  and 
ogether  with  care,  not  only  to  secure  accuracy  in  dimension  but 

0  give  no  more  than  just  sufficient  surplus  metal  for  the  finish, 
bus  avoid  waste  in  turning.  Drawings  of  the  several  parts  are 
ided. 

8. 1  and  2  represent  the  two  parts  of  the  core-pattern.  The  object 
9  pattern  is  to  make  a  core  for  rough-casting  the  cavity  in  the  sabot 
*  the  lip;  the  size  and  shape  of  this  cavity,  combined  with  the  ten- 
'  of  the  metal  to  clog  the  cutting  tool,  makes  it  advisable  to  use 
lethod  instead  of  cutting  out  the  cavi^  from  a  solid  casting,  but 
)re  is  a  difficult  and  delicate  piece  to  mold  and  considerably  in- 
3S  the  time  and  labor  employed  for  the  casting, 
making  the  core  the  two  parts  of  the  pattern  are  put  together  as 

1  in  Fig.  2.  The  circular  cavity  of  triangular  cross-section,  a  a,  is 
llled  with  fine  molding-sand,  and  then  inch  brads  are  stuck  half 
u  at  short  intervals  around  the  middle  of  the  top  surface  to  hold 
im  to  the  body  of  the  core-mold  above.  Kext  the  mold  is  filled 
r  to  the  surface,  and  the  two  sustaining  rings  of  iron  (Fig.  3)  are 
Ided.    The  mold  is  then  tamped  and  finished,  turned  upside  down, 

6191  ORD 32  Aant 
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and  the  patterns  witbdrawD.  The  core  is  next  brushed  with  a  waahof 
blaek-lead  and  Unally  '^  dried  "  for  use.  The  completed  core  is  shown 
in  position  in  Fig.  5.  For  some  castings  the  molder  used  only  fine  pre- 
pared molding-sand  for  the  core  ;  for  others  he  used  a  mixtare  of  this 
sand  with  one-fourth  fire-sand,  the  result  being  that  the  fire-sand  isDOt 
considered  a  necessary  ingredient ;  the  sufficiency  of  the  moIding-s&Dd 
alone  will  depepd,  however,  upon  its  manipulation,  and  especially  upon 
the  experience  of  the  molder. 

The  sabot  pattern  is  shown,  Fig.  3.  It  is  built  up  in  sections  of  hard 
wood  and  has  a  couple  of  metal  plates  embedded  in  the  lower  sarface, 
in  the  center  of  which  are  threaded  holes  for  the  introduction  of  a  key 
to  be  used  in  withdrawing  the  pattern  from  the  mold.  The  portion  ii 
of  this  pattern  makes  a  cavity  in  the  mold  which  receives  the  body  of 
the  core  c  c,  of  corresponding  shape,  as  shown. 

The  boxes  for  the  mold  (Fig.  5)  are  of  rough  wood.  For  this  por- 
tion of  the  mold  (all  except  the  core)  the  sand  is  used  "  green."  The 
sides  of  the  several  patterns  are  sloped  to  constitute  a  '^  dn^w,"  or,  in 
other  words,  to  facilitate  the  withdrawal  of  the  patterns  in  making  the 
molds. 

Shrinkage. — It  may  be  observed  that  both  the  exterior  and  interior 
diameters  of  the  sabot  patterns  are  larger  than  those  of  the  finished 
sabot,  but  it  is  found  that  the  shrinkage  of  each  of  these  diametenin 
the  casting  is  about  0.125  inch,  so  that  the  rough  castings  are  of  satu- 
factory  dimensions.  If,  however,  the  inner  diameter  remains,  after tbe 
casting  is  cool,  slightly  larger  than  the  5.75  inches  prescribed  trt^iktiitii^ 
threads,  it  will.be  found  that  the  cutting  of  the  threads  will  crowd  the 
metal  inward  sufficiently  to  overcome  the  scautness.  As,  for  instaDce, 
sabots  which  gave  an  interior  measurement  of  5.77  inches  in  the  roogii 
casting  were  found  to  fit  the  gauge*  accurately  when  finished. 

Casting. —  The  furnace  is  an  ordinary  brassmolder's  furnace  with 
double  cylinders,  each  of  which  holds  one  crucible. 

The  capacity  of  the  latter,  used  for  this  work,  is  about  160  pounds 
and  run  from  10  to  12  sabot  castings  each. 

The  following  is  a  record  of  the  castings,  &c.: 


Castings. 

Metals  used. 

4i 

^i 

^ 

•        ! 

;S^ 

Date. 

1 

5«^ 

1- 

hi 

1 

I 

rase     (on 
melted.) 

1 

if* 
Ill 

Spelter. 

Bemarks. 

^ 

-< 

m 

m 

H 

1884. 

Poundt. 

Pounds. 

Poundi. 

Pounds. 

Poundt. 

Percent. 

May  20 

6 

12 

80 

34 

114 

29.8 

Abont  5  per  oeai 
by  weight  of  til* 

metal  wasted  in 

the  melting.   . 

May  30 

18 

12 

150 

37 

64 

251 

1^.9 

Abont  3  per  cent. 

May  31 

20 

12 

178 

25 

76.5 

270.5 

30.0 

of     the    metal 

June    2 

16 

12 

170 

40 

73 

283 

80.0 

wasted  asabove. 

June    5 

18 

12 

182 

70 

261 

30.8 

June    6 

20 

12 

161 

60' 

68 

289 

20  7 

June    7 

20 

12 

104 

20 

85 

290 

30.5 

June    0 

20 

12.4 

166 

50 

72 

288 

30.2 

Jaue  10 

20 

12.4 

180 

35 

77 

292 

80.0 

Jane  11 

20 

12.4 

177 

40 

76 

293 

30.0 

June  12 

23 

12.4 

180 

60 

77 

317 

sao 

Jane  13 

23 

12.4 

196 

60 

84 

830 

80.0 

June  14 

23 

12.4 

175 

70 

75 

320 

80.0 

Jnne  16 

23 

12.4 

178 

70 

78 

326 

80.5 

June  17 

28 

12.4 

192 

50 

83.5 

82&5 

80.8 

June  18 

21 

VLK 

105 

\   ^" 

45 

\ 

800 

80.0 
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The  percentage  of  zinc  (or  spelter)  is  calculated  from  the  qnantity  of 
)W  metals  introdaced  in  the  charge.  This  quantity  is  made  to  depend 
)on  the  capacity  of  the  crucible  and  the  amount  of  brass  (^'  gates  "  and 
iperfect castings)  available  at  the  time ;  generally,  however,  the  amount 
!  brass  used  is  limited  to  about  15  per  cent,  of  the  charge.  This  brass 
ding  limited  in  quantity  and  having  been  but  once  melted  is  assumed, 
I  calculating  the  charge,  to  contain  the  original  ingredient  of  30  per 
Bnt.  zinc.  It  is  found  that  the  introduction  of  a  certain  proportion  of 
•rasa  is  useful  in  lowering  the  percentage  of  waste  or  loss  froit  the  raelt- 
Qg.  Thus,  with  new  metals  alone,  this  waste  amounts  to  about  5  per 
ent.  of  the  charge,  but  if  the  charge  contains  over,  say,  12  per  cent,  of 
iiass,  the  waste  is  reduced  to  about  3  per  cent,  of  the  whole  charge. 
^his  loss  from  oxidation  depends  largely  upon  the  heating  of  the  metal, 

0  that  it  will  be  found  in  practice  that  there  is  a  useful  medium  for  the 
leat;  if  it  is  too  high  there  is  an  over- waste  of  metal,  and  if  too  low 
here  is  danger  of  imperfect  castings.  The  source  of  loss  is  frequently 
een  when  the  crucibles  are  skimmed  before  the  pouring;  globules  and 
ilaments  of  oxidized  metal  are  drawn  off  with  the  dross. 

In  melting  the  charge,  after  the  tire  is  well  started,  the  copper  is  first 
itroduced  either  alone  or  with  some  portion  of  the  brass.  As  soon  as 
be  melting  begins  the  surface  is  ccTvered  with  charcoal,  which  is  after- 
wards renewed  one  or  more  times  before  thecharge  is  withdrawn.  When 
lie  copper  is  all  melted  the  spelter  is  introduced,  each  piece  being  taken 
ith  a  pair  of  tongs  and  held  well  under  the  surface  until  melted ;  after 
lis  the  remainder  of  the  brass  is  put  in  to  fill  the  crucible.  The  tem- 
erature  of  the  metal  having  been  considerably  reduced  by  this,  the 
foible  is  left  in  the  furnace  until  a  proper  heat  is  attained,  which  usu- 
lly  occurs  in  from  ten  to  fifteen  minutes.  The  copper  requires  from 
He  and  a  half  to  two  hours  in  melting,  depending  upon  the  heat  of  the 
imace.  When  the  crucibles  are  taken  from  the  furnace  the  metal  is 
irefiiUy  skimmed  and  then  poured  at  once  into  the  molds,  which  are 
tranged  on  a  bench  at  a  convenient  height  above  the  floor.  Heavy 
eights  are  placed  on  the  top  of  each  mold  to  prevent  expansion.    There 

1  no  ** riser"  from  the  casting  or  sinking  head  other  than  the  "gate,'* 
hich  serves  only  as  an  inlet  and  feeder,  and  has  no  value  as  a  sinking 
ead  to  produce  pressure ;  and  finom  the  general  soundness  of  the  cast- 
igs  produced  it  may  be  judged  that  the  present  method  is  good. 

An  important  feature  in  the  treatment  of  the  castings  occurs  at  this 
oiut.  The  molds  are  opened  in  about  five  minutes  after  the  casting, 
Qd  while  the  sabots  are  still  red  hot  they  are  thrown,  with  the  groove 
'^^tm^  into  a  barrel  of  cold  water,  the  bottom  of  which  is  covered  to  some 
5pth  with  sand.  After  a  very  brief  interval  the  sabot  is  grasped  with 
>e  tongs,  raised,  taken  from  the  barrel,  and  placed  in  another  vessel  of 
ater,  with  the  object  of  keeping  the  water  in  the  barrel  cold.  On  rais- 
^  the  sabot  from  the  sand  as  above  a  vacuum  is  created  below,  and 
i^,  with  the  steam  generated  within  tbe  groove,  causes  the  core  to  be 
l>lown  out"  from  the  groove  with  a  distinct  report. 
The  primary  object  of  this  treatment  is  to  clean  the  groove,  otherwise, 
tbe  castings  were  allowed  to  cool  in  the  molds,  the  hard  sand  in  the 
iJ fined  space  of  the  groove  could  only  be  removed  with  difficulty.  If 
^  castings  are  exposed  even  for  a  short  time  to  the  air  while  hot  they 
^ti  black,  but  by  promptly  placing  them  in  water  when  taken  from  the 
^Id  a  bright  color  is  retained  as  would  be  if  they  were  left  to  cool  in 
B  mold. 

3?he  treatment  used  undoubtedly  causes  a  greater  shrinkage  than  if 
B  castings  were  allowed  to  cool  in  the  molds,  at  the  same  tvm.^  ^W^  \^ 
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probably  increases  to  a  considerable  degree  the  density  of  tiie  metal. 
However,  in  the  absence  of  specific  experiments,  its  eft'ect  for  good  or 
ill  can  only  be  stated  in  general  terms,  and  there  is  no  eTidenee  that 
the  effect  is  otherwise  than  good.  Castings  treated  in  this  way  have 
been  sabsequently  heated  to  a  low  red  heat  and  struck  heavy  blows 
with  a  hammer ;  the  metal  gives  and  bends  bnt  does  not  cromble. 

The  finishing  operations  are  done  on  two  lathes,  in  each  of  which  the 
piece  requires  to  be  mounted  only  once.  In  the  first,  the  piece  (sabot) 
is  centered  and  clamped  on  the  outside  for,  first,  facing  the  base  or  for- 
ward face  of  the  sabot  and,  second,  cutting  the  screw-thread.  In  the 
second,  the  sabot  is  screwed  upon  a  form  fitted  for  the  thread  and  length 
of  the  sabot,  with  the  face  previously  finished  brought  up  against  a 
shoulder  on  the  form  or  holder,  in  which  position  the  exterior  and  the 
rear  face  of  the  sabot,  including  the  groove,  are  finished.  The  workmen 
are  provided  with  gauges  for  the  thread  and  remaining  dimensioofi. 
After  the  sabots  are  completely  finished  they  are  finally  inspected  and 
weighed. 

Material  and  labor  (omitting  the  preparation  of  the  patterns  and  ac- 
cessories for  casting).— Each  rough  casting,  including  the  ^'  gate,"  weighs 
about  13.5  pounds,  to  which  add  3  per  cent,  for  waste,  and  wehavelSi^ 
pounds  of  original  metal  required  for  each  single  casting,  of  which  9.7 
pounds  are  copper,  and  4.2  pounds  zinc.  The  finished  sabot  averages 
about  9.625  pounds  in  weight.  The  difference,  excepting  the  waste,  and 
the  ^'  gate  "  which  weighs  about  1^  pounds  and  is  remelted,  is  saved  in 
the  turnings,  which  can  be  best  utilized  for  casting  bearings,  &c,  for 
machinery. 

One  man  working  ten  hours  per  day  with  a  22-inch  or  smaller  lathe  can 
finish  in  the  first  lathe  15  sabots  per  day,  and  in  the  second  can  finish 
25  sabots  per  day.  Including  the  labor  of  molding  and  casting,  one  ex- 
perienced workman  with  one  helper  can  turn  out  20  sabots  per  day, 
which  summarized  gives  for  each  sabot : 

Metai:(g^Tt:?::::::::::::::::"::"/.::"::"::::"^ 

Molding  and  oaeting.  gsiheTiI^/:!'"':'!^'!:::::::"";::^^ 


Labor  :< 


«..,;„„  >  On©  machinist  (first  latiie) 40        " 

jfimamng ^  Ono  machinist  (second  lathe) 24       " 


Appendix  32o— 1884. 


Appendix   326. 


FABRICATION  OF  Q-INCH  EUREKA  PROJECTILES. 

(2  plates.) 

Sib  :  Id  accordance  with  your  iDstractious  1  have  the  honor  to  sab- 
ciit  the  following  short  report  on  the  fabrication,  by  the  South  Boston 
i^n  Works,  of  500  8-inch  Eureka  cored  shot,  contracted  for  under  date 
^t  June  23, 1883. 

The  principal  point  noticeable  is  the  great  improveo^ent  made  on  the 
^st  few  contracts,  which  is  due  not  only  to  the  fact  that  the  company 
lave  received  orders  for  projectiles  at  short  intervals  through  the  year, 
•nd  thereby  have  been  enabled  to  train  their  workmen,  but  also  to  their 
laving  acted  on  the  suggestions  made  by  the  inspectors.  . 

Their  method  may  be  briefly  summarized  as  careful  manipulation  of 
he  metal,  suitable  mixtures  being  first  made  in  the  reverberatory  fur- 
lace,  and  afterwards  remelted  in  smaller  quantities  in  the  cupola ;  the 
ise  of  small  ladles,  by  means  of  which  the  metal  is  quickly  transported 
o  the  flasks,  thereby  avoiding  any  stiftening ;  drying  the  molds,  instead 
if  casting  in  green  sand,  with  the  result  of  obtaining  cleaner  shot,  more 
ree  from  blow-holes,  &c. ;  the  forming  of  a  small  cylinder  on  the  point 
^f  the  shot,  by  which  shrinkage  in  length  is  provided  for,  and,  finally, 
naking  the  pore  pattern  a  little  shorter  than  called  for  by  the  drawing. 
[?hi8  is  a  new  feature.  In  previous  reports  attention  was  called  to  the 
nanner  in  which  the  projectiles  tended  to  open  in  the  prolongation  of 
he  core,  due  to  the  strains  setting  in  from  the  direction  of  the  head  and 
(rails,  leading  to  the  rejection  of  not  a  few.  To  overcome  this  the  front 
»nd  of  the  core-box  (pattern)  was  filled  in  a  little,  a  suitable  shape  be- 
ng  given  to  the  surface,  which,  under  the  action  of  the  stresses,  as- 
iumed  about  the  form  and  dimensions  required  by  the  contract  draw- 
ngs.  Formerly  the  rejections  for  the  cavity,  being  too  long,  were 
inmerous,  but  among  those  just  completed  none  were  thrown  out  for 
his  defect. 

As  the  casting  progresses  it  has  been  noticed  that  the  cylindrical 
)ody  tends  to  increase  in  length,  caused,  so  the  company  think,  by  the 
absorption  of  water  by  the  pattern  and  consequent  swelling.  As  the 
jylindrical  part  of  the  pattern  is  of  greater  diameter  than  the  base  of 
;he  head,  the  sloping  surface  joining  them  seems  to  enlarge,  causing  the 
Dody  to  increase  in  length.  As  this  takes  place  gradually,  it  cannot 
readily  be  allowed  for  in  the  original  construction  of  the  pattern.  It 
should  seem,  however,  if  the  pattern  were  turned  approximately,  then 
soaked  in  water,  and  afterwards  brought  to  its  true  dimensions,  this 
might  be  obviated,  particularly  if  care  was  taken  to  keep  it  moistened 
B^hen  not  in  use.  The  better  method,  of  course,  would  be  iron  patterns, 
s^hich,  except  for  standard  projectiles,  it  would  hardly  be  worth  while 
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making.    Those  intended  for  experiment  only  are  usually  ordered  in 
small  quantities  and  would  not  justify  the  increased  cost. 

Attention  is  also  respectfully  invited  to  there  being  no  allowance  in 
the  base  for  sabot,  though  there  is  for  every  other  part  of  the  shot.  The 
table  of  allowed  variations  provides  for  one  of  =t0.05  inch  in  length  of 
base  for  sabot,  which,  in  the  case  of  a  Butler  projectile,  where  this  i8 
cylindrical,  covers  about  the  whole  ground.  But  as,  in  the  Arrick,  this 
is  a  couical  frustum,  recessed  for  the  studs  on  the  sabot,  an  allowance 
in  length  alone  hardly  seems  sufficient.  In  the  corresponding  parts  of 
the  sabot  a  variation  of  dL  0.01  inch  is  permitted,  and  this,  I  think, 
should  be  likewise  alloweii  in  the  base  for  sabot.  These  portions  are 
annular  surface  joining  conical  base  and  cylindrical  body,  the  ^^slope" 
of  base  and  width  and  depth  of  recesses  in  it.  In  reference  to  the  sabotB 
they  were  almost  perfect. 

Mention  should  likewise  be  made  of  the  more  thorough  inspection  of 
the  castings  by  the  company  before  beginning  the  finishing  operations, 
by  which  projectiles  obviously  unfit  are  at  once  thrown  out  instead  of 
being  turned,  in  the  hope  they  might  be  accepted.  No  difficulty  was 
experienced  in  obtaining  the  proper  weights.  In  accordance  with  au- 
thority granted,  a  few  weighing  183  pounds  were  accepted. 

Inspection  of  all  the  projectiles  cut  up  for  specimens  showed,  both  in 
the  sides  of  the  walls  and  the  surface  of  the  interior  cavity,  a  perfectly 
sound  shot,  free  from  Wow-holes  or  cavities  of  any  kind.  The  opinion 
expressed  in  previous  reports  that  the  limits  In  this  respect  are  snffi- 
cient.    I  see' no  reason  to  modify. 

The  success  obtained  is  due  to  the  care  and  watchfulness  of  all  con- 
cerned, particularly  to  Messrs.  Bainbridge  and  Wood  worth,  foremen  of 
the  foundry  and  machine-shops  respectively.  Tables  giving  results  in 
detail  are  appended. 

Very  respectfully,  your  obedient  servant, 

HENRY  D.  BORUP, 
Lieutenant  of  Ordnancej  O.  8.  A» 

South  Boston  Foundry, 

November  15, 1883. 


PHYSICAL  QUALITIES. 


Date. 

No.  of 
casting. 

Namber 
caat. 

Tenacity. 

Specific 
gravity. 

Hardness. 

1883. 
September    5 
Septeml>er  10 
September  26 
October         9 
October       11 
October       13 
October       15 
October       17 
October       18 
October       10 
October       20 
October       22 
October       23 
October       24 
October       25 
October       26 
October       27 
October       20 
October       30 
\  OotoVet       %V 

1 
2 
3 
4 

5 

6 

7 

8 

0 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

15 
2 
20 
16 
29 
30 
20 
80 
33 
84 
80 
84 
81 
80 
81 
80 
83 
81 
31 

\      ^ 

27,410 

25.598' 

27,015 
82,700 
31,124 
26,074 
25.727 
35.367 
88,708 
24.882 
28,710 
28,436 
28.579 
30,214 
84,096 
28,077 
82.  715 
27,594 

7.2085 

"""7.'l80i" 
7.1745 
7.2541 
7.2546 
7.1860 
7.2007 
7.2811 
7.1997 
7.1968 
7.1671 
7.2012 
7.17»7 
7.1822 
7.2480 
7.0086 
7.2517 
7.1889 
7.2281 

1 

0.81 

• 

ii'» 

IS.  88 

Fraotnreid. 

\ 
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KIND  AlTD  QUANTITY  OF  IRON. 


Date. 

1 

• 

« 

1883. 

July    7 

110 

July  13 

103.4 

Joly  19 

84 

July  25 

100.5 

Jaly  28 

113.5 

Aug.    4 

84.5 

Aug.  10 

127.5 

Aug.  18 

120 

Aug.  21 

80 

Aag.  29 

00 

Ang.  31 

90 

Oct.    18 

80 

Oct.    23 

85 

Oct.    81 

80 

Not.    6 

140 

i 


O 

JZ5 


o 


77 


28.5 

20 

33.5 

27.5 

66 


30 
20 
20 
20 


30 
41.6 


33 

70.4 

37  5 

20 

20.8 

48 

26.8 

80.5 


I. 
-sg 


o 
JZ5 


46.2 


60 


I. 

o 


35 


59 
50 
40 
40 
40 
60 
50 
62.4 


a 

o 
H 


220.0 
220.0 
150.0 
140.5 
202.8 
160.0 
320.3 
209.5 
160.0 
150.0 
150.0 
140.0 
185.0 
160.0 
244.0 


Bemarks. 


The  weishte  are  ezpreesed  in  cwts. 

These  coargea  are  melted  in  a  reyer- 
beratory  famace  and  run  into  pig.  which 
ia  afterward  reinolted  in  the  cupoU. 

The  namher  of  pigs  need  dep<*nd8  on 
the  quantity  of  iron  required  for  other 
work  aa  well  as  on  that  needed  for  the 
shot.  No  record,  therefore,  was  kept 
of  it. 


Inspeoiion  report  of  500  S-inchogiral-he€ided  Eureka  cored  shot  for  8-iflcA  muzzle-loading  rifles  f 
nMLdefor  the  United  States  Ordnance  Dt^artmentj  hy  William  T,  Arrick,  at  Boston,  Mass,, 
under  contract  of  the  Chief  of  Ordnance,  U,  8,  Army,  dated  June  2:^,  1883. 


Subject  of  measurement. 


PBOJSCTILB. 

Length  of  cylindrical  portion  of  body 

Length  of  head 

Length  of  base  for  sabot 

Total  length  of  projectile 

Diameter  of  cylindrical  portion 

Diameter  of  base{j;'~j*;-.:::::::::;:;::::: 

Radius  of  head 

Thickness  of  bottom 

Length  of  interior  canity 

Thii'kness  of  walls  at  3.650  inches  from  base. 

EcGontricitv  of  axis  of  interior  cavity 

Diameter  of  (acrew-plug)  hole. 


Pitch  of  thread  on  ftize'(or  screw-plng)  hole. 
Length  of  thread  on  (screw-plug)  nolo 


BABOT. 


Height  of  sabot 

Exterior  diameter  of  sabot. 


Weight  of  sabot,  mean 

Weight  of  sabot  and  projectile. 


Prescribed 
dimenHions. 


Jneh$9.        Inch. 

7.85 

8.925 

2.05 
1&825 

7.95 

7.55 

7.25 
12 

2.05 
10.10 

2.225 

0  .1 

1.5      I     ±.01 
8  per  inch. 

£05 


Allowed 
variations. 


±.05 

*±.6i 

0 

0 

±.05 
±.1 
±.1 


2.025 

7.95 

i/6«.  ox. 

9  13 

180  00 


±.01 
±.01 


Perct. 

+  2 
-  2 


±  1 


Knmber  of  8-inoh  Eureka  cored  shot  ex- 
amined   

B^nmber  rejected  for.  erroneous  dimen- 
sions of  head 

Number  rejected  for  erroneoua  dimen- 
sions of  cyliodric  body  or  base 

Number  rejected  for  erroneous  dimen- 
sions of  interior  cavity 

Number  rejected  for  eccentricity  of  in- 
terior cavity     

Number  rejected  for  defects  in  material 
or  finish 

Total  number  rejected 

Total  number  accepted 

Weight  of  heaviest  one  accepted  with 
■abot 


544 

12 

15 

2 
2 


13 
44 

500 

183 


Weight  of  lightest  one  accepted  with 

saoot ...•....••...••«....     .  .  .. IDs. • 

W  eight  of  total  number  accepted . .  .do. . 

Mean  weight  of  projectile do. . 

Number  of  sabots  examined 

Number  of  sabots  rejected  for  erroneous 

dimensions 

Number  of  sabots  rejected  for  defects 

in  material  or  finish  

Total  number  of  salMts  rejected 

Number  of  sabots  accepted  . .        

Weight  of  total  number  accepted,  .lbs. . 

.  Mean  weight  of  sabot. do. . 

'Weight  of  total  number  of  shot  and 

sabots  accepted lbs.. 


178 

85, 462. 4 

170.9 

503 


3 

8 

500 

4,013.6 

»H 
90,876 


PHYSICAL  PROPERTIES. 


Specimen. 


Maximum 
Minimum 
Mean  .... 


Density  (ac- 
tual). 


7.2811 
7.0086 
7.1082 


Tenacity 
(actual). 


85.867 
24.882 


Hardness 
(unit  of  meas- 
ures.1  inch). 


\ 


15.05 
9.81 


\ 
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*  SlMARKS.— Avaiting  transportation  to  the  Watertown  Arsenal,  480 ;  to  lientenaat  Binia,  CoU 
Spring.  N.  Y.,  10;  prevloiiBly  sent  to  Sandy  Hook,  10. 

I  certify  that  I  have  oarefally  inspected  the  above-noted  prejectiles  and  that  they  confonn  to  ths^ 
menslons  prescribed  within  the  Tarlations  allowed ;  and,  farther,  that  the  terms  of  the  coatnet  as  to 
material  and  workmanship  have  been  complied  with  in  their  mannfaotnre. 

D.  A.  LTLB. 
Ooptain  qf  Ordnance,  IntpteUr. 
Date  of  inspection,  Xoyember  10,  1883. 

NoTZ8.~*  State  to  what  points  projectiles  were  shipped.  &o. 

The  exterior  diameter  is  yerifled  by  means  of  gauges :  the  high  gaoge  is  0.02  inch  over,  aad  tlielflv 
gange  is  0.02  inch  lesa,  than  the  prescribed  diameter.  The  diameter  of  the  cylinder  gauge  is  thesHM 
as  that  of  the  high  gaage.  Eccentricity  is  proven  by  rolling  the  projectiles  on  level  iron  ndla  sad  k 
determined  in  amount  oy  means  of  the  calipers  for  measunng  the  thickneas  of  the  walls.  The  ftm 
and  dimensions  of  the  head  of  the  projectile  and  of  the  cannelure  and  outer  lip  of  the  sabot  are  veriM 
by  means  of  templets. 

The  other  dimensions  of  the  sabot,  and  those  correspondiog  thereto  upon  the  baae  of  the  prqjeetfl^ 
are  verified  by  the  "  sabot  gaoges."  The  presence  of  cavities  on  the  interior  iaasoaitained  oy  bmsbi 
of  the  "  searcher  *' ;  the  depth  snould  not  exceed  0.2  inch.  The  weight  should  be  stamped  on  each  pn> 
Jectile. 

PBOJECTILES. 

Cwt fl» 

Used  for  tests 25 

Finished 548 

lospected ^ 514 

Accepted 5W 

Surplus  for  possible  rejections 4 

Before  finishing lU 

Rejected  after  finishing : 

Erroneous  dimension  of  head * U 

Erroneous  dimension  of  cylinder  or  base 15 

ErroncouR  dimension  of  interior  cavity * 

Eccentricity ^ * 

Weight 0 

Defective  material U 

Total 44 

Weighing  178  pounds 8 

Weighing  179  pounds 45 

Weighing  180  pounds 18^ 

Weighing  181  pounds l^ 

Weighing  182  pounds ^ 

Weighing  183  pounds tf 

SABOTS. 

Inspected 50J 

Rejected 3 

Defective  material - ^ 

Erroneous*  dimensions : 1 

Accepted 500 

Total  number  cast 5S 

Weighing  9  pounds  4  ounces 1 

Weighing  9  pounds  G  ounces *. I 

Weighing  9  pounds  7  ounces * 

Weighing  9  pounds  8  ounces 1..  * 

Weighing  9  pounds  9  ounces 13 

Weighing  9  pounds  10  ounces W 

Weighing  9  pounds  11  ounces 85 

Weighing  9  pounds  12  ounces 49 

Weighing  9  pounds  13  ounces ffi 

Weighing  9  pounds  14  ounces ^ 99 

Weighing  9  pounds  15  ounces 7* 

Weighing  10  pounds , 5d 

Weighing  10  pounds  I  ounce 41 

Weighing  10  pounds  2  ounces  27 

Weighing  10  pounds  3  ounces 7 

Weighing  10  pounds  4  ounces 6 

Weighing  10  pounds  5  ounces < 

Weighing  10  pounds  6  ounces 1 

Weighing  10  poundftT  owxice^ 1 

Weighing  10  pounds  8  owiwwsa I 
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West  Point  Foundry, 
Cold  Spring^  N.  F.,  December  11,  1883. 

le  Ohibp  op  Ordnance,  U.  8.  Army, 

WcLshington^  2>.  0. ; 

General  :  The  following  report  respecting  a  comparative  examina- 
)n  of  ten  8- inch  Eureka  cored  shot  from  the  South  Boston  Iron  Works, 
id  a  similar  number  from  the  West  Point  Foundry,  made  under  con- 
act  of  June  23, 1883,  with  recommendations  as  to  the  establishment  of 
standard  8-inch  Eureka  cored  shot,  is  respectfully  submitted  pursu- 
it to  instructions  contained  in  your  letter  of  November  13, 1883. 
The  examination  was  made  at  the  West  Point  Foundry  November 
^,  1883,  and  included  the  following  observations: 

1.  Weight  of  the  shot  on  one  and  the  same  scale,  a  Fairbanks  No.  — , 
ipable  of  weighing  about  500  pounds. 

2.  Exterior  dimensions  of  the  shot. 

3.  Dimensions  of  the  core  of  shot. 

4.  Specific  gravity  and  tenacity  of  the  metal. 

The  result  of  the  first  two  observations  showed  the  two  lots  of  shot  to 
e  of  practically  the  same  exterior  dimensions,  and  that  the  weights 
larked  upon  each  shot  at  the  time  of  its  original  inspection  were  cor- 
ect,  in  each  case  to  within  one-half  pound  ;  that  is,  no  greater  diOer- 
Dce  than  this  was  observed.  It  ma^^  be  remarked  here  that  it  is  the 
ractice  at  both  foundries  to  mark  these  projectiles  to  the  nearest  full 
ound. 

In  regard  to  the  dimensions  of  core,  an  examination  of  all  the  shot 
lowed  what  has  been  already  reported,  viz,  that  those  made  at  South 
oston,  which  we  will  call  lot  B,  contained  the  original  c*^re  given  in 
^wing  accompanying  contract  (Plate  I),  and  that  those  made  at  the 
^est  Point  Foundry,  which  we  will  call  lot  P,  contained  the  larger,  or 
>cond  model,  core  given  in  drawing  issued  from  Ordnance  Office  Octo- 
5r  IQ,  1883  (Plate  II).  In  order,  however,  to  ascertain  accurately  the 
XDensions  of  core  and  to  obtain  specimens  for  density  as  nearly  as  pos- 
l>le  from  the  middle  of  casting,  two  projectiles  of  very  nearly  equal 
Bight,  one  from  each  lot,  were  selected  and  dismantled.  In  these  the 
»«t  iron  alone  weighed  as  follows:  Shot  from  lot  B,  168.5  pounds;  shot 
Om  lot  P,  168.75  pounds.  These  two  shot  were"  then  cut  through,  per- 
'tidicular  to  the  axis,  at  four  inches  from  base ;  that  is,  through  the 
Hximum  circumference  of  core  nearly.  Wooden  templets  were  then 
ted  accurately  to  the  two  separate  parts  of  the  cores,  allowance  in 
Xigth  being  made  for  the  width  of  cut,  which  was  0.3  inch.  An  out- 
iJe  of  these  templets  when  compared  with  the  original  drawings 
lowed  that  in  each  case  the  actual  core  was  larger,  especially  near  the 
>int,  than  its  construction  drawing;  also  that  the  core  of  shot  P  was 
ore  enlarged  than  that  of  shot  B.  This  enlargement  of  core  is  be- 
jved  to  be  due  i>rincipally  to  the  shrinkage  of  the  metal  upon  casting, 
id  the  greater  enlargement  of  P  is  supposed  due  to  the  greater  hard- 
en and  density  of  its  metal,  carrying  with  these  qualities  a  greater 
ndency  to  shrinkage. 

To  obtain  specimens  for  density  and  tenacity  a  short  bar  was  cut, 
ith  a  hollow  boring  tool,  in  the  diretttion  of  axis  of  shot,  from  the  side 
M  of  each  of  the  forward  portions  of  the  two  samples.  From  these 
,r8  tenacity  specimens  of  the  usual  dimensions  were  prepared.  The 
sts  gave — B:  Density,  7.0936;  tenacity,  19,085  pounds.  P :  Density, 
2438 ;  tenacity,  31,601  pounds. 

The  tenacity  shown  by  B  wa«  phenomenal,  being  much  below  that  ot 
y  specimen  tested  danng  the  casting  of  a\\  t\i^  €Aio\>  \mdL«t  VXi^  ^^^^- 
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tract.  If,  therefore,  any  weight  at  all  be  attached  to  the  resalt  it  will 
simply  be  available  Id  noting  that  iron  of  this  density  cannot  always  be 
relied  upon  to  give  the  tenacity  required  for  these  shot;  that  18,25,000 
pounds.  The  density  obtained  from  sample  B  is  below  the  average  of 
the  South  Boston  shot;  that  obtained  from  sample  P  is  very  nearly  the 
average  of  the  West  Point  Foundry  shot.  (See  tabular  statements  of 
densities,  tenacities,  and  weights,  herewith  attached,  marked  A  and  B.) 

Limiting  ourselves  now  to  the  two  sample  shot  which  were  carefally 
weighed  and  examined,  it  becomes  apparent  how  the  weights  were  the 
same  although  different  cores  were  used.  Assuming  dimensions  other 
than  the  cores  to  be  the  same,  we  find — 

Sample  shot  B  :  Density,  7.0936 ;  weight,  168.5. 

From  which  we  find : 

Solid  ront^pntfl  —  weight  of  cast-iron 168.5  _ 

~  weighFof  cubic  inch  for  density  of  7.0936  ^  0:256(S3 
656.58  cubic  inches. 

And  sample  shot  P :  Density,  7.2438 ;  weight,  168.75. 

Solid  contents  =7r-r.7,,  ;I ,     =646.41  cubic  inches. 

0.2ol4o4+ 

That  is  to  say,  the  solid  contents  in  P  are  shown  to  be  11.17  cubic  inchel 

less  than  in  B,  but  the  difference  in  density  makes  up  the  weight    By 

computation  from  the  original  drawings  the  two  cores  differ  in  coutente 

by  10  cubic  inches.    But  this  discrepancy  here  shown  (1.2  cubic  inches) 

is  undoubtedly  due  to  the  relatively  greater  enlargement  of  the  core  of 

P  in  casting. 

CONCLUSIONS. 

Experience  has  shown  that  7.'i  is  a  safe  average  density  to  assame 
for  cast  iron  having  a  tenacity  of  25,000  pounds  per  square  inch.  In 
fixing  the  standard  dimensions  for  this  projectile  we  therefore  proceed 
to  find  the  dimensions  which  will  give  a  projectile  weighing  ISOponnds 
with  metal  of  this  density.  Taking  the  cubical  contents  of  sample  shot 
P,  which  we  have  already  determined  practically  to  be  645.41  cubic 
inches,  we  find:  Weight  =  cubical  contents  x  weight  of  cubic  inches 
for  density  of  7.2  =  646.41  x  0.259883=167.72  pounds,  and  adding  to 
this  weight  of  cast  iron  the  known  weight  of  sabot  and  base  ping,  ve 
have:  Weight  of  cast  iron  =  167.72 ;  weight  of  sabot  =  10.54;  weightof 
base  plug  =  1.85;  total  weight,  180.11  pounds — showing  that  this  pro- 
jectile is  practically  of  the  required  dimensions. 

Assuming  now  that  projectiles  when  made  can  be  finished  to  the  exiet 
dimensions  of  drawing — since  this  feature  is,  within  small  limits,  oDder 
control,  whilst  the  density  of  the  iron  is  not — we  further  find  that  with 
these  dimensions  of  shot  the  density  may  be  allowed  to  vary  between 
limits  of  7.13  and  7.27  and  yet  keep  within  a  limit  of  1  per  cent  of  the 
standard  weight ;  for  the  former  the  finished  shot  would  weigh  17S.tf 
pounds,  and  for  the  latter  181.75  pounds. 

RECOMMENDATIONS. 

We  recommend  as  standard  the  drawing  lately  used  in  the  constrae* 
tion  of  these  projectiles  at  the  West  Point  Foundry,  and  that  the  stand- 
ard tenacity  be  25,000  pounds  per  square  inch.  In  regard  to  limits  of 
weight,  we  recommend  from— 1  per  cent.  to  +  IJ  per  cent,  of  the  stand- 
ard 180  pounds,  the  higher  limit  being  greater  than  the  lower;  since  if 
it  were  not  so^  that  is^  if  the  density  of  metal  be  limited  to  7.27,  it 
would  at  times  reau\t.  vi  T^^^a^\^^^'Q\>i'at  o^^x^^l^ht  which  wonld  he 
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in  other  respects  of  excellent  qaality.  It  is  at  the  same  time  considered 
that  a  limit  of  more  than  + 1  per  cent,  vill  seldom  be  needed,  otherwise 
a  slightly  higher  average  density  would  have  been  assumed  in  connec- 
tion with  a  slight  reduction  in  cubical  contents  of  shot.  These  limits 
are  believed  to  be  alike  favorable  to  the  Government  and  to  the  found- 
ers. 

We  further  recommend  that  the  number  of  projections  on  interior  of 
sabot  be  fixed  at  three  (3),  as  the  most  suitable  number  to  prevent  any 
canting  of  the  sabot  in  transportation  or  in  loading. 

E.  BIENIB,  Jr., 
Lieutenant  of  Ordnance. 

H.  D.  BORUP, 
Lieutenant  of  Ordnance. 

Ordnance  Office, 

December  18, 1883. 

The  foregoing  recommendations  in  regard  to  dimensions  of  8-inoh 
Eureka  projectiles  for  muzzle-loading  rifles  are  approved. 

S.  V.  BBNfiT, 
Brigadier-Oeneraly  Chief  of  Ordnance. 
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Addenda  A. 

Dentity  and  tenacity  of  metalf  and  weight  of  8-inch  Eureka  cored  ehot  made  at  ike  Ml 

Boston  JFoundrif,  under  contract  dated  June  23, 1883. 


Date. 

Nnmber 
oast 

Tenacity. 

Density. 

Remarks. 

Sept.    5 

IS 

27,410 

7.2085 

Sept  19 
Sept  26 

2 

178=     2 

20 

25.506 

7.1801 

179=   46 

Oct     0 

16 

27,015 

7.1745 

180=154 

Oct    11 

29 

32.790 

7.2541 

181  =  100 

Oct.    13 

SO 

81,124 

7.2546 

182  s   07 

Oct    15 

29 

26,074 

7.1860 

183=    12 

Oct    17 

80 

25,727 

7.2007 

Cot    18 

33 

85.367 

7.2811 

Total....  500 

Oct    19 

84 

•8.703 

7.1997 

Mean,  180. 7  ponnds. 

Oct    20 

30 

24,882 

7.1968 

Oct    22 

84 

28,716 

7. 1671 

Oct    23 

31 

28,436 

7.2012 

not    24 
Oct    25 

80 

28.579 

7. 1757 

31 

30.214 

7.1822 

• 

Oct    26 

30 

34.098 

7.2480 

• 

Oct    27 

33 

28,977 

7.0086 

Oct    29 

31 

82,715 

7.2617 

Oct.    30 

81 

27,594 

7.1889 

Oct    31 

32 

26,836 

7.2231 

Addenda  B. 

Density  and  tenacity  of  metal,  and  weight  ofS-inch  Eureka  cored  ehot  made  at  the  West  Ptni 

Foundry f  under  contract  dated  June  23,  1883. 


Date. 

1^ 

16 
33 
34 

48 
52 
47 
48 
49 
48 
49 
48 
62 

Metal. 

Remarks. 

Den. 
sity. 

Tenac- 
ity. 

1883. 
Sept  12 
Oct      4 
Oct.     5 

Oct    22 
Oct.    24 
Oct    25 
Oct    26 
Oct    27 
Oct    29 
Oct    80 
Oct    31 
Nov.    1 

Means. 

7. 2278 
7.2492 
7. 2792 

7. 2572 
7. 2438 
7.2422 
7.272 
7.2718 
7. 2613 
7. 2433 
7. 2518 
7. 2351 

25.794 
28,604 
27,996 

28,633 
28,530 
30, 109 
30, 171 
29.410 
29,  392 
26,  838 
26, 982 
27,533 

f  Cast  with  oriidnal  core.    Specimens  taken  from  base  of  shot 
j     Sixty-six  shot  were  accepted  with  this  core,  of  which  foor 
)      weighed  183,  four  184,  thirty-two  185,  and  twenty-six  186 
.     pounds.    Averase  weight  185.23  pounds, 
f  Cast  with  core   given  in  drawing  issaed  fkom   Ordnaooe  , 

Office  Oct4>ber  10,  1883.    Specimens  taken  in  each  case,  ex- ; 

cept  for  October  22,  from  point  of  shot 

Shot  cast  with  second  model  core : 

183  pounds  =    28 

182  ponnds  =  189                                     ' 

181  ponnds  =  170 

180  pounds  =    30 

179  pounds  =      2 

178  ponnds  =1                                   * 

Totsl  number^.  42tf 
i    Average  weight,  181.5  ponnds. 

7. 2529 

28,334 

Note. — The 'ten  shot  sent  to  Sandy  Hook  for  firing  proof  are  not  included  under  head  of 
AU  shot  were  made  with  metal  taken  direct  from  air  furnace  and  cast  with  base  up. 

R.  BIRNIK  Ji-, 
Lieutenani  ef  OrdauiiM^  Intpidtr' 

"WeBT  PonCT  FOUNDBT, 

Oold  Spring,  N.  T.,  December  11,  1888. 
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MEPOBT  OF  MANUFACTURE  OF  3.2-INCS  BBEECH-LOADING  STEEL  EIFLE 

AT  WATERTOWN  AB8ENAL. 

BY  MAJ.   F.   H.  PARKER,   ORDNANCE  DEPARTMENT. 

t 

(14  plates.) 

DESCRIPTION  OF  THE  GUN  FINISHED. 

The  gnn  as  designed  by  the  Orduance  Board  ie  shown  in  the  Beport 
of  the  Chief  of  Ordnance  for  1883,  page  289,  Plate  I,  and  in  Fig.  1,  Plate 
IXI.  Varioas  changes  and  modifications  have  been  made  in  the  plans 
faring  the  progress  of  the  work,  with  the  approval  of  the  Ordnance 
IBoard,  and  these  will  be  indicated  further  on. 

The  gan  as  finished  is  represents  in  Plate  I,  Fig.  1.  It  is  made  en- 
l±re]y  of  low  steel,  all  the  parts  except  the  tabe  being  tempered  in  oil, 
aiod  is  composed  of  the  following  parts,  viz:* 

1.  An  interior  tube,  whose  total  length  is  85.20  inches.    The  exterior 

of  this  tabe  for  a  distance  of  19  inches  from  the  rear  end  is  tamed  to  a 

diameter  of  6.009  inches.    From  the  extremity  of  this  distance  it  is 

i;amed  to  a  diameter  of  5.608  inches  for  a  length  of  24.70  inches,  thas 

Ibrming  a  shoulder  0.2005  inches  in  depth.    Continuing  for  a  distance  of 

S  inches  a  thread  is  cut  for  the  key-ring,  the  pitch  of  thread  being  0.26 

inch,  diameter  through  tops  of  threads  5.58  inches,  through  bottoms  5.32 

inches,  making  the  height  of  thread  0.13  inch,  and  allowing  a  play  of 

0.014  inch  for  screwing  home  of  key-ring.    For  a  distance  of  1  inch  &om 

end  of  thread  the  diameter  of  the  tube  is  5.20  inches.    On  this  the  end 

of  key-ring  rests  when  screwed  home,  so  as  to  form  a  tight  joint.    From 

this  point  the  tube  tapers  for  a  distance  of  36  inches  to  a  diameter  of 

4.6  inches,  where  it  joins  the  muzzle-collar  (whose  diameter  is  5.10  inches 

and  length  1.5  inches),  by  a  curved  surface  whose  radius  is  0.64  inch. 

Fig.  6,  Plate  I,  shows  details  of  screw-thread  for  key-ring. 

On  the  interior  of  the  tube,  beginning  at  the  rear,  the  diameter  for  a 
distance  of  0.6  inch  is  3.4S  inches,  and  this  part  of  the  tube  was  after- 
wards given  a  very  slight  taper,  to  correspond  with  that  on  the  gas- 
check,  for  which  this  portion  of  the  tube  is  the  seat.  From  the  end  of 
this  distance  the  interior  diameter  is  3.40  inches,  for  a  distance  of  1.4 
inches.  Then  begins  the  elliptical  powder-chamber,  whose  length  is  10 
inches  and  maximum  diameter  3.8  inches.  It  is  a  firustum  of  an  ellip- 
soid whose  major  axis  is  22.8  inches  and  minor  axis  3.8  inches.  At  the 
end  of  the  powder- chamber  the  shot-chamber  begins.  The  diameter  of 
powder-chamber  at  the  end  next  shot-chamber  is  3.4  inches.     From 

*  These  parts  are^iven  in  detail  in  Plate  II:  Fig.  1,  the  tube ;  Fi^s.  2, 2a^  25,  2c.  the 
Jacket :  Pigs.  3,  3a,  3d.  the  trunnion-ring ;  Figs.  4,  4a,  the  sleeve ;  Figs.  5,  5a,  the  key- 
ring ;  r  igs,  6, 6a,  the  base-ring. 
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this  point  there  is  a  straight  taper  for  a  distance  of  0.2  inch  to  a  diam- 
ter  of  3.32  inches.  This  diameter  extends  for  a  distance  of  1.475  inebes 
aJong  the  axis  of  tube,  and  then  there  is  another  straight  taper  for  a 
distance  of  0.2  inch  to  the  bottom  ot  grooves  3.30  inches  diameter,  and  to 
the  top  of  lands  3.20  inches  diameter.  The  lands  are  therefore  joined  to 
the  extremity  of  shot-chamber  by  a  bevel  of  0.06  inch  in  a  distance  of  Oi 
inch.  From  this  point  the  rifling  extends  to  the  muzzle.  Nnmberof 
grooves,  24 ;  number  of  lands,  24 ;  width  of  grooves,  0.3  inch ;  width  ot 
lands,  0.1188  inch  ;  depth  of  grooves,  0.050  inch  ;  twist,  one  turn  in  30 
calibers.  The  junction  of  lands  and  grooves  is  rounded  with  a  curved 
surface  of  0.05  inch  radius.  The  details  of  shot-chamber  are  given  in 
Plate  I,  Fig.  3. 

2.  A  jacket,  which  is  shrunk  on  the  rear  portion  of  the  tube  and  pro- 
jects over  the  rear  end  of  tube  5.6  inches.  It  is  in  contact  with  the  tabe 
for  a  length  of  22.85  inches,  measured  along  axis,  and  its  total  length  is 
28.45  inches.  A  section  through  its  axis  gives  for  its  exterior  a  corre 
approaching  an  ellipse,  whose  maximum  ordinate  at  the  middle  is  4.78 
inches,  while  at  the  rear,  at  a  distance  of  12  inches  from  the  middle,  this 
ordinate  is  4.11  inches ;  at  the  front,  at  a  distance  of  14  inches  from  the 
middle,  this  ordinate  is  3.87  inches.  The  intermediate  points  are  oon- 
uected  by  a  curve,  as  before  mentioned.  At  a  distance  of  1.25  inches 
from  the  forward  end  of  the  jacket  a  tapering  shoulder  is  turned,  and  t 
corresponding  one  on  the  trunnion-ring.  This  shoulder  on  trunnion- 
ring  hooks  over  that  on  the  jacket,  and  holds  the  jacket  and  trunnion- 
ring  together.  The  diameter  of  the  shoulder  next  the  jacket  is  6.559 
inches,  and  at  the  forward  end  next  the  trunnion  ring  6.602  inches,  thus 
giving  a  taper  from  rear  to  front  of  0.0215  inch  in  a  distance  of  1^5 
inches.  The  taper  is  joined  to  jacket  with  a  curve  of  0.1  inch  radios, 
and  terminated  at  its  forward  end  with  a  curve  of  0.25  inch  radius  (de- 
tails in  Plate  1,  Fig.  4).  The  rear  end  of  jacket  is  rounded  with  a  cnrTe 
of  0.4  inch  radius.  On  the  interior  of  the  jacket,  beginning  at  the  rear, 
the  surface  is  rounded  with  a  curve  of  0.4  inch  radius.  It  then  tapers 
for  a  distance  of  1.2  inches  from  a  diameter  of  6.55  inches  to  a  diameter 
of  6.35  inches,  forming  a  seat  for  the  carrier-ring.  It  is  then  for  a  dis- 
tance of  0.2  inch  straight,  and  6.35  inches  in  diameter,  forming  a  seat 
for  the  blank  end  of  base- ring ;  then  for  a  distance  of  3.8  inches  a  square- 
shouldered  screw-thread  is  cut  in  it  for  the  reception  of  the  base-ring. 
The  details  of  this  thread  are  given  in  Plate  I,  Fig.  2.  The  hinge  for  car- 
rier-ring is  cut  out  of  the  rear  portion  of  this  jacket.  Its  details  and  those 
of  the  jacket  are  shown  in  Plate  II,  Figs.  2  and  2a.  The  jacket  for  a 
length  of  19  inches  from  the  end  of  this  thread  is  bored  to  a  diameter  of 
6  inches.  At  the  end  of  this  distance  is  the  shoulder,  and  from  this 
point  to  the  forward  end  the  interior  diameter  is  5.6  inches  for  a  distanes 
of  3.85  inches. 

3.  A  trunnion-ring,  which  has  a  shoulder  corresponding  to  that  on 
the  jacket,  and  of  the  following  dimensions:  Length,  1.25  inches;  di- 
ameter next  to  jacket,  6.55  inches;  next  to  trunnion -ring,  6.5928  inches^ 
giving  a  taper  of  0.0214  inch  in  this  distance  of  1.25  inches.  The  diam- 
eter of  ring  for  the  rest  of  its  length  (7.55  inches)  is  5.6  inches.  The 
diameter  of  the  trunnions  is  3.8  inches,  and  of  the  rimbases  4.8;  height 
of  each  trunnion,  2.8  inches ;  total  width  of  trunnion- ring  from  oat  to 
out  of  trunnions  15.1  inches.  The  other  details  relating  to  trunnions 
are  shown  in  Plate  II,  Figs.  3,  3a,  3ft. 

4.  A  sleeve,  which  is  shrunk  on  next  to  the  trunnion -ring.  Its  length 
is  13.30  inches;  exterior  diameters,  6.60  inches  next  to  tronnion-iing,  and 
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6.50  inches  next  to  mnzzle ;  interior  diameter,  5.6  inches  (details  shown 
in  Plate  II,  Fig.  4). 

5.  A  keyring,  screwed  on  in  front  of  sleeve  and  holding  the  other 
parts  of  the  gun  in  place  to  prevent  any  forward  movement.  It  is  3 
inches  long,  6.50  inches  exterior  diameter,  and  the  details  of  its  screw- 
thread  are  shown  in  Plate  II,  Fig.  5.  The  only  point  about  it  especially 
worthy  of  note  is,  that  at  the  front  end  the  screw-thread  stops  at  a  dis- 
tance of  about  0.2  inch,  and  this  portion  of  the  ring  is  bored  to  a 
diameter  of  5.2  inches,  so  that  on  being  screwed  home  on  the  tube  this 
portion  of  it  rests  on  the  tube  in  front  of  the  screw-thread,  and  forms 
a  tight  joint. 

6.  A  base-ring,  screwed  into*  the  rear  of  the  jacket.  On  its  exterior 
surface  is  cut  the  square  shouldered  thread  corresponding  to  that 
already  mentioned  on  the  interior  surface  of  jacket,  and  on  its  interior 
surface  is  cut  the  interrupted  thread  into  which  the  breech-plug  is 
screwed  in  firing.  The  front  surface  of  this  base-ring  fits  closely  against 
the  rear  of  the  tube,  a  tight  joint  being  secured  by  shrinking  it  into 
place.  Against  its  rear  end  the  carrier-ring  has  a  bearing  when  in 
position  for  firing.  The  length  of  this  base  ring  is  4  inches;  exterior 
diameter,  6.35  inches ;  interior  diameter,  4.47  inches  to  bottom  of  slots, 
4.03  inches  to  tops  of  threads.  The  details  of  the  threads,  &c.,  are 
shown  in  Plate  II,  Fig.  6. 

The  thickness  of  metal  at  maximum  diameter  of  powder-chamber  is 
2.88  inches,  and  it  varies  from  that  point  to  the  neck  behind  muzzle-band, 
where  it  is  0.7  inch  thick.  Weight  of  gun  complete,  791.25  pounds; 
preix)nderance  77  pounds  11  ounces. 

THE  BREECH  MECHANISM. 

This  is  composed  of  the  following  principal  parts,  viz : 

a.  The  breech-block. 

b.  The  Frfeire  obturator. 
€.  The  carrier-ring. 

d.  The  lever-handle. 

e.  The  bronze  or  fixed  handle. 
/.  The  hinge-pin. 

g.  The  latch-pin. 

h.  Stops  on  the  carrier-ring. 

And  certain  smaller  parts,  whose  uses  will  appear  in  the  description 

a.  The  breech  blacky  is  shown  in  Plate  III,  Figs.  1,  2, 11,  12,  and  15. 
Its  total  length  is  5.95  inches.  It  is  threaded  for  a  distance  of  4  inches 
from  its  forward  end,  and  the  circumference  of  the*  thread  is  divided 
into  six  equal  parts,  the  alternate  ones  being  planed  off,  and  giving 
the  interrupted  screw,  which  is  well  known.  Besides  these  blank  sec- 
tors*  two  additional  longitudinal  grooves  are  planed  in  two  of  the  blank 
sectors  in  which  slide  the  stops  of  the  carrier-ring.  One  of  these  grooves 
is  shown  at  a,  a  (Plate  III,  Fig.  2),  and  at  a,  a  (Plate  III,  Figs.  11  and 
12).  The  length  of  these  grooves  is  4.55  inches,  width  at  bottom  0.75 
inch,  and  their  sides  are  planes  passing  through  axis  of  plug.  They 
are  0.4  inch  in  depth,  measured  from  the  top  of  threads  on  plug,  and 
0.22  inch  below  bottoms  of  threads.  These  grooves  stop  at  a  distance 
of  0.2  inch  from  the  front  end  of  plug,  leaving  a  shoulder  of  metal  of 
this  thickness,  against  which  the  stops  of  carrier-ring  bear  when  the 
plug  is  withdrawn.  At  the  rear  end  of  plug  these  grooves  are  cut  out, 
as  shown  in  Plate  III,  Figs.  2  and  11,  corresponding  to  the  pitch  of  the 
thread,  and  of  a  width  equal  to  that  of  the  stops,  viz,  1.01  inches,  and 
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of  a  length  equal  to  one-sixth  of  a  turn  of  the  plug.  This  is  in  order 
that  the  stops  which  rest  in  the  longitudinal  grooves  before  described, 
and  which  slide  in  them  when  the  plug  is  pushed  forward  through  car- 
rier-riug,  may  turn  in  these  transverse  grooves,  when  the  plug  is  re- 
volved one-sixth  of  a  turn,  to  lock  it  into  iti^  threads  in  the  base-ring. 
At  b  and  b  (Plate  III,  Figs.  2  and  15)  is  shown  another  groove,  whose 
shape  is  given  in  section  at  b  (Plate  III,  Fig.  15).  In  this  groove  slides 
the  end  of  the  latch-pin,  which  locks  the  carrier-ring  to  jacket  and  an- 
locks  it  automatically  by  the  action  of  this  groove  and  a  spring.  The 
interior  of  the  breech-plug  is  bored  out  for  a  distance  of  2.938  inches 
to  a  diameter  of  1 .4  inches,  measuring  from  the  front  end  of  plug.  From 
the  extremity  of  this  distance  for  a  length  of  2.217  inches  the  diameter 
is  0.7  inch,  and  then  for  a  distance  of  0.75  inch  the  diameter  is  1.3 
inches.  This  is  for  the  reception  of  the  spindle  of  the  Freire  obturator, 
with  its  spring  and  locking-nuts.  At  the  rear  end  of  ping  is  a  project- 
ing lug  for  the  lever-handle.  These  details  are  shown  more  clearlj  in 
Plate  III,  Fig.  15. 

b.  The  Freire  obturator. — This  is  described  in  Ordnance  Notes  No. 
292,  but  as  used  in  the  3.2-inch  gun  it  differs  in  some  i:espect8  from  the 
former.  It  is  shown  in  Plate  III,  Fig.  15.  Its  parts  are :  a  spindie, 
with  its  head,  the  latter  a  truncated  cone ;  an  expanding  gas-ring,  fit- 
ting the  head ;  a  spiral  spring ;  two  locking-nuts,  and  a  copper  bashing 
at  ^e  forward  part  of  vent.  The  arrangement  is  shown  in  drawing. 
The  vent,  0.2  inch  in  diameter,  passes  through  the  axis  of  spindle,  and 
the  copper  bushing  is  inserted  by  pressure  at  the  front  end.  The  spind 
spring  presses  the  spindle  forward,  when  relieved  from  the  pressure  of 
the  powder-gas,  allowing  gas-ring  to  contract  to  its  original  dimensions. 
The  spindle  is  held  in  rear  by  two  check-nuts,  by  means  of  which  any  d^ 
gree  of  expansion  can  be  given  to  the  ring  by  drawing  back  the  spindle. 
The  gas-ring  fits  accurately  against  the  face  of  the  breech-plug,  and  has 
a  play  of  0.01  inch  between  its  exterior  surface  and  that  of  it«  seat  The 
head  of  the  spindle  also  has  a  play  of  0.17  inch  between  its  interior  face 
and  the  front  surface  of  the  breech-plug.  The  junction  of  gas-ring  and 
head  of  spindle  is  ground  accurat'Cly.  The  action  of  the  gas-check  is  as 
follows :  The  pressure  of  the  powder-gas  when  the  gun  is  fired,  acting 
on  the  cup-shaped  head  of  the  spindle,  drives  it  (and  the  whole  spindle) 
back,  compressing  the  spiral  spring,  and  at  the  same  time  by  its  wedg- 
ing action  on  the  gas-ring  expanding  the  latter  till  it  fits  accurately  on 
its  seat,  thus  preventing  any  escape  of  gas.  When  the  pressure  is 
removed  the  action  of  the  spring  forces  the  spindle  forward,  and  the 
gas-ring  contracts  and  resumes  its  former  position.  By  setting  up  the 
nuts  at  the  rear  end  of  the  spindle  gas-ring  is  expanded,  and  its  play 
decreased. 

0.  The  carrier-ring. — ^This  is  shown  in  Plate  III,  Figs.  3  and  4,  and  at 
a  (Plate  III,  Fig.  1),  and  also  in  section  at  a',  a'  (Plate  III,  Fig.  2). 
It  forms  a  support  for  the  breech-plug  when  the  latter  is  withdrawn 
from  its  position  in  the  breech  and  is  swung  round  to  open  the  breech 
for  loading.  Its  interior  diameter  is  4.47  inches,  and  its  exterior  is  a 
frustum  of  a  cone,  forming  a  surface  which  fit«  accurately  in  its  seat  at 
the  rear  of  the  jacket,  previously  described,  o  &  are  the  logs  (Fig.  4), 
which  fit  into  corresponding  recesses  in  the  jacket,  and  form  a  hmge,on 
which  the  carrier-ring  and  its  breech-plug  are  swung  back  in  loading. 
by  b'  (Fig.  1)  and  b  (Fig.  4)  are  the  stops,  which  are  fitted  into  the  carrier- 
ring,  and  which  slide  in  the  grooves  before  mentioned  in  the  breech- 
plug,  and  guide  it  while  it  is  being  drawn  out  from  its  seat,  and  hold 
the  plug  when  tb^  QatmT-tm^  \&  ^^\y\^  back,    a  (Fig.  4)  is  the  latch- 
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pin,  whicli  locks  the  carrier- ring  to  the  jacket  at  a  certain  period  of  the 
niovement  of  the  breechplug.    This  latch-pin  enters  a  corresponding 
hole  in  the  interior  of  the  jacket.    It  is  shown  at  a  (Fig.  4,  Plate  III), 
and  its  details  are  shown  in  Figs.  6  and  7,  Plate  III.    It  is  composed 
of  the  following  parts:  a  pin  (Fig.  7) ;  a  spiral  spring  (Fig.  4) ;  a  rec- 
tangular head  (Fig.  0);  and  a  screw-plug,  d  (KigH.  4  and  6),  with  a  rec- 
tangular slot  for  the  reception  of  the  head  (Fig.  6) ;  this  head  is  secured 
to  the  pin  by  a  screw  throngb  a  (Fig.  6).    The  connection  of  the  dif- 
ferent parts  of  the  latch-pin  is  shown  in  Fig.  4,  Plate  III.    The  pin  is  first 
inserted  in  the  hole  drilled  for  it  in  the  carrier-ring;  the  spring  is  then 
dn>pped  into  place,  resting  on  the  shoulder  at  the  bottom  of  pin;  the 
screw-plug  with  the  rectangular  opening  is  next  inserted  and  secrewed 
home ;  the  pin  is  then  pushed  up  from  the  inside,  compressing  the  spring, 
and  the  rectangular  head  put  on  and  secured  b3'  its  screw.    It  will  be 
seen  from  the  drawing  that  the  action  of  the  spring  is  to  press  down 
the  latch  and  unlock  the  carrier-ring,  and  hence  the  locking  can  only 
be  acct>mpli8hed  b^'  pushing  up  the  pin  Irom  the  inside.    This  is  accom- 
plished in  the  gun  by  the  peculiar  shape  given  to  the  groove  in  which 
the  pin  moves,    x  (Fig.  4)  is  a  rece«s,  into  which  the  head  of  the  lever- 
handle  fits  when  the  breech-plug  is  in  the  firing  position,  by  which  the 
plug  is  locked,  and  prevents  from  turning.    It  is  shown  in  section  in 
Fig  5,  Plate  111.    Fig.  8,  Plate  III,  is  the  screw  for  securing  the  stops  in 
carrier- ring. 

d.  The  lever-handle^  is  shown  in  Figs.  13  and  14,  Plate  III.  Its  heM 
at  a  forms  a  cam,  which  fits  into  a  recess  in  the  face  of  the  carrier-ring 
already  described.  Its  edges  at  b  are  slightly  beveled  to  correspond 
\?ith  the  sides  of  its  recess.  The  object  of  this  is,  when  the  threads  are 
first  fitted,  if  there  is  any  slight  inaccuracy  in  their  cutting,  the  block 
cannot  be  screwed  entirely  home,  and  this  beveled  surface  allows  for 
the  inaccuracy.  Again,  after  firing,  when  the  threads  all  fit  accurately 
and  come  to  a  bearing,  the  plug  on  being  screwed  home  will  pass  a  little 
l>eyoud  its  proper  position.  The  beveled  surface  acting  on  the  opposite 
side  will  then  bring  the  plugbaek  to  its  proper  position  when  the  lever- 
liandle  is  lowered.  The  lower  end  of  the  lever  handle  is  rounded,  and 
lielien  the  plug  is  in  its  firing  position  this  rounded  end  fits  in  a  recess 
cut  in  the  rear  portion  of  jacket,  and  shown  at  c(Fig.  1,  Plate  111). 
TbuM  the  plug  is  held  by  the  lever-handle  resting  ac  one  end  in  a  receis 
in  the  Ciirrier-ring  and  at  the  other  end  in  this  recess  in  the  jacket,  and 
the  block  (tir  plug)  cannot  turn  till  the  lever  handle  is  raised. 

e.  The  bronze  or  ^fixed  handle, — This  is  shown  in  Figs.  1  and  2,  Plate 
III,  at  h  and  h.  It  is  attached  to  the  rear  of  the  breech  plug  by  two 
tap  b(»ltM,  and  serves  as  a  hold  for  the  hand  in  withdrawing  the  breech- 
p  ug  from  its  seat. 

/.  The  hinge  piUy  which  is  shown  at  k  (Fig.  1,  Plate  III). — Its  use  is 
obvious. 

g.  The  pin  for  lever  handle,  shown  at  k'  (Figs.  1  and  2) ;  h,  stay-pin 
for  pin  of  hinge  and  n,  n,  same  for  pin  of  lever-handle  (Fig.  1,  Plate  111). 
They  hold  the  above-named  pins  in  position. 

h.  The  stops  on  earner  ring,  are  shown  in  detail  in  Figs.  9  and  10,  Plate 
III.  Their  length  measured  along  the  axis  of  the  gun  is  1  inch,  to  give 
as  long  a  bearing  as  poi*sible  for  the  grooves  of  the  breech-plug.  They 
are  bored  out  for  a  distance  of  0.2  inch,  measuring  from  the  exterior 
surface,  in  order  that  the  rear  end  of  the  breech  plug,  which  is  without 
a  thread,  may  enter  for  this  length  into  the  carrier-ring  and  completely 
fill  the  ring,  and  thus  avoid  openings  into  the  interior,  thiough  which 
dust,  &c.,  might  penetrate  and  injure  the  parts. 
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ACTION  OF  THE  BREECH  MECHANISM. 

To  understand  tbe  action  of  the  different  parts  composing  the  breech 
mechanism,  suppose  the  breech  closed  and  the  piece  ready  to  fire.  The 
lower  rounded  end  of  the  lever-handle  then  rests  in  its  spherical  recess 
in  the  lower  part  of  tbe  jacket  c  (Fig.  1,  Plate  III),  while  the  bead  of 
the  lever-handle  rests  in  its  recess  in  t^e  face  of  the  carrier- ring  x  (Fig.  1, 
Plate  III),  thus  locking  the  breech-plug  in  its  position  in  ttie  base-rin^. 
and  rendering  impossible  any  rotary  movement  of  the  breech-block  in 
firing. 

The  groove  for  the  inner  end  of  the  latch-pin,  shown  at  b  and  b  (Fig. 
2,  Plate  III),  is  of  the  following  shape  and  dimensions:  Starting  at  a 
(Fig.  2,  Plate  III),  its  depth  is  0.165  inch  below  the  surface  of  the  blank 
sector  of  breech -plug,  and  this  depth  continues  for  a  distance  toward 
the  front  of  breech-plug  of  3.64  inches ;  from  this  point  it  inclines  to  a 
depth  of  about  0.25  inch,  as  shown  at  b'  (Fig.  15),  for  a  distance  ofOi 
inch ;  it  then  terminates  in  a  cavity  of  the  shape  shown  at  b'*  (sanie  fig- 
ure). Now,  returning  to  the  point  a,  where  the  longitudinal  groove  jnst 
described  starts,  the  transverse  groove  shown  at  b  (Fig.  2,  Plate  UI), 
gradually  increases  in  depth  from  this  point  of  beginning  to  the  end  of 
the  groove  at  c  (Fig.  2,  Plate  III),  where  its  depth  is  the  same  as 2XV' 
(Fig.  15,  Plate  III),  viz,  0.315  inch.  The  length  of  this  transverse  por- 
tion of  the  groove  is  one-sixth  of  a  turn. 

The  inner  end  of  the  latch-pin  at  a  (Fig.  4,  Plate  III)  is  shaped  to  fit 
into  the  cavity  at  the  forward  end  of  the  longitudinal  groove  at  2^'  (Fig. 
15,  Plate  III).  This  latch-pin  has  to  rise  about  0.13  inch,  in  order  to 
lock  into  the  recess  in  the  interior  of  jacket,  and  the  dimensions  of  the 
groove  in  which  it  bears  are  so  arranged  that  while  the  inner  end  of 
the  pin  is  resting  on  the  straight  portion  of  the  groove  from  b  to  b'  (Fig. 
15,  Plate  III),  this  pin  is  pushed  up  through  the  carrier-ring,  aod  tbe 
carrier-ring  locked  to  the  jacket.  When  the  end  of  the  pin  begins  to 
descend  the  incline  b'  b*'  the  spring  of  the  pin  begins  to  withdraw  it. 
and  unlock  the  carrier-ring,  and,  finally,  when  the  pin  rests  in  its  cavit; 
b"  (Fig.  15,  Plate  III),  at  the  end  of  the  longitudinal  groove,  tbe  car- 
rier-ring is  unlocked,  and  ready  to  be  swung  back  on  its  hinge,  and  the 
pin  is  held  firmly  in  its  cavity  by  the  spring.  In  the  same  way,  when 
the  end  of  the  pin  is  made  to  move  from  a  to  o  (Fig.  2,  Plate  III),  the 
depth  of  the  groove  gradually  increasing,  the  spring  gradually  withdraw 
the  pin  till  at  the  extremity  c  of  the  transverse  groove  the  carrier  ring 
is  again  unlocked,  and  the  pin  pressed  down  to  the  bottom  of  the  groove. 
It  will  be  seen,  then,  that  the  carrier-ring  is  unlocked  when  the  pin  rests 
in  the  two  positions  b''  and  o  at  the  ends  of  th^  groove,  and  that  it  is 
locked  in  every  other  position  of  the  pin  in  its  groove. 

This  being  understood,  when  the  breech-plug  is  in  the  firing  position, 
with  its  lever-handle  locked,  as  before  explained,  the  lever  haudle  is 
vertical,  the  plug  is  pushed  forward  through  the  carrier- ring,  and  base- 
ring,  and  its  threads  locked  into  the  corresponding  threads  of  the  base- 
ring  ;  the  gas-check  is  in  position  at  its  seat,  and  the  inner  end  of  the 
latch-pin  is  resting  at  the  extremity  c  (Fig.  2,  Plate  III),  of  its  trans- 
verse groove.  The  two  stops  on  the  carrier  ring  also  rest  at  the  extrem- 
ities of  their  transverse  grooves  at  dd  (Figs.  2  and  11,  Plate  111).  Now^ 
in  this  position,  the  end  of  the  latch-pin  resting  at  c  (Fig.  2),  the  car- 
rier-ring is  unlocked  from  the  jacket,  and  therefore  during  firing  there 
is  no  strain  ou  the  carrier-ring,  except  that  which  may  arise  from  the 
eflFort  of  the  breecb-pUig  to  rotate,  and  from  the  manner  of  its  locking 
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thifi  strain  will  be  practically  nothing.    The  carrier-ring  is  kept  closed 
daring  firing  by  the  Ing  of  the  lever- handle. 

Alter  firing/to  open  the  breech  the*  lever  handle  i»  raised  till  its  axis 
is  parallel  to  that  of  the  piece.  This  movement  raises  the  rounded  end 
of  the  lever-handle  from  its  recess  in  the  jacket,  and  at  the  pame  time 
causes  the  head  of  the  lever-handle  to  move  entirely  out  of  its  recess  in 
the  face  of  the  carrier-ring,  thus  unlocking  the  breech  plug,  and  allowing 
it  to  be  turned.  Keeping  the  lever-handle  in  this  position,  and  by  means 
of  it  and  of  the  fixed  bronze  handle  the  breech  plug  is  now  turned  to  the 
left  one  sixth  of  a  turn,  till  the  stops  on  the  carrier-ring  bring  up  against 
the  sides  of  their  grooves  at  d!'d'  (Figs.  2  and  11,  Plate  III),  when  the 
movement  will  be  arrested.  By  this  movement  (one-sixth  of  a  turn)  the 
threads  on  the  screw-plug  are  released  from  their  bearings  against  the 
corresponding  threads  of  the  base-ring,  and  are  brought  into  the  blank 
sectors  of  the  base-ring.  While  this  movement  of  the  screw-plug  is 
taking  place,  the  inner  end  of  the  latch-pin  is  made  to  move  along 
the  bottom  of  the  inclined  groove  from  o  to  a  (Fig.  2,  Plate  III),  and 
the  groove  being  more  shallow  at  this  latter  point,  as  explained,  pushes 
up  the  latch -pin,  and  locks  the  carrier-ring  to  the  jacket.  The  lever- 
handle  is  now  depressed  as  far  as  possible,  and  by  this  movement  its 
cam  shaped  head  comes  to  a  bearing  against  the  rear  face  of  the  carrier- 
ring,  and  forces  the  breech-plug  backward  out  of  the  piece  for  a  short 
distance.  The  object  of  this,  it  is  apparent,  is  to  loosen  the  contact 
between  the  parts  and  overcome  any  sticking  that  may  occur,  by  the 
powerful  action  of  the  cam  and  lever.  The  breechblock  in  position  ready 
for  withdrawal  is  shown  in  Fig.  1,  Plate  III. 

The  breech-block  being  in  this  position,  and  the  carrier-ring  locked 
to  the  jacket,  so  that  it  cannot  be  pulled  open,  the  breech-blQck  is  then 
pulled  out  through  the  carrier-ring,  the  hand  grasping  the  fixed  bronze 
handle. 

During  this  movement  of  the  block  to  the  rear  the  stops  in  the  car- 
rier ring  slide  in  their  respective  grooves,  till  at  the  end  ot*  their  travel 
they  bring  up  against  the  shoulders  in  the  breech-block  at  the  front  ends 
of  the  grooves. 

During  this  same  movement  the  end  of  the  latch-pin  of  the  carrier- 
ring  travels  in  its  groove,  and  being  of  the  same  depth  up  to  the  point 
V  (Fig.  15,  Plate  III),  the  carrier-ring  is  kept  locked  to  the  jacket  dur- 
ing this  travel.  But  as  the  end  of  the  latch-pin  begins  to  descend  along 
the  incline  h'  h"  (Fig.  16,  Plate  III),  the  spring  acting  on  this  pin  with- 
draws it  from  its  recess  in  the  jacket.  Finally,  when  the  breech-plug  is 
drawn  out  to  its  full  extent,  and  the  stops  on  the  carrier-ring  come  to  a 
bearing  against  the  shoulders  in  their  grooves,  the  end  of  the  latch - 
pin  drops  into  its  cavity  at  the  end  of  its  groove,  and  the  carrier-ring  is 
unlocked  and  free  to  swing  with  the  breech-plug  around  its  hinge. 

The  carrier-ring  and  plug  are  then  swung  around  to  the  left,  and  the 
breech  is  open,  and  the  piece  ready  for  loading. 

It  will  be  seen,  therefore,  that  during  the  firing  the  carrier-ring  is  un- 
locked, and^theie  is  no  strain  on  it,  but  as  soon  as  the  breech-plug  is 
turned  for  withdrawal  the  carrier-ring  becomes  locked,  and  remains  so 
during  the  withdrawal  of  the  plug,  and  as  soon  as  the  plug  is  drawn  out 
to  its  full  extent  the  canitr-iing  becomes  unlocked  and  ready  to  be  &wui  g 
back. 

The  charge  and  projectile  having  been  inserted,  the  next  step  is  to 
close  the  breech  for  firing.  The  shape  of  the  recess  in  the  plug  which 
receives  the  end  of  the  latch-pin  has  been  described.  In  swinging  round 
the  carrier-ring  and  its  breech-plug  to  close  l\i^  ^iTft<iQ\i\\»\>^Vm'^\\»»X 
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that  the  breech-plug  shall  not  move  forward  through  the  carrier-^ng 
till  the  latter  has  reached  its  proper  seat,  otherwise  the  gascheeck 
would  jam  against  some  part  of  the  gun,  and  probably  be  serioasly  in- 
jured. To  guartl  against  this  forward  movement  of  the  breech  plog 
prematurely,  the  recess  at  the  end  of  tlie  latch-pin  groove  has  been  given 
its  present  shape.  With  the  pin  seated  in  this  recess  and  held  there 
by  the  action  of  a  stiff  spring,  any  forward  movement  of  the  ping  is 
rendered  almost  impossible  under  ordinary  circumstances,  as  it  requires 
considerable  force,  even  when  the  carrier-ring  is  in  its  proper  position 
to  force  the  plug  forwanl. 

Now,  to  close  the  breech,  the  carrier-ring  and  its  plug  are ^wung  rather 
smartly  into  place,  so  that  thecarrierring  may  come  to  its  proper  liearing. 
The  lever-handle  is  then  raised  till  its  axis  is  parallel  with  that  of  the 
piece,  and  the  breech-plug  pushed  forward  by  means  of  the  fixed  bronze 
handle  till  its  motion  is  arrested  b^'  the  contact  of  the  last  thread  on  the 
breechblock,  which  for  this  purpose  is  not  cutaway,  with  the  thread  on 
the  base  ring.  Caie  should  be  taken  to  raise  the  lever-handle  as  indi- 
cated, otherwise  the  cam-head  of  the  lever  will  come  in  contact  with  the 
face  of  the  carrier-ring,  and  the  breech])lug  cannot  be  turned,  as  it  is  not 
pushed  forward  far  enough  to  allow  its  threads  to  come  opposite  their 
spaces  in  the  threads  of  the  base- ring. 

During  this  travel  of  the  breech-plug  the  stops  in  the  carrier  ring 
slide  in  their  grooves  in  the  plug,  the  threaded  sectors  of  the  breech- 
plug  move  forward  in  the  blank  sectors  of  the  base  ring,  and  the  eud  of 
the  latch-pin  moves  out  of  its  recess  up  the  incline,  and  along  its  groove 
to  the  point  a  (Fig.  2,  Plate  III),  locking  the  carrier-ring  agaiu  to  the 
jacket.  The  plug  in  this  position  is  shown  in  Fig.  1,  Plate  111,  except 
that  the  lever-handle  is  raised,  as  above  described. 

The  plug  and  carrier-ring  being  in  this  position,  the  plug  is  then 
turue4  to  the  right  one-sixth  of  a  turn,  the  lever-handle  being  kept 
raised. 

During  this  movement  the  stops  on  the  carrier-ring  move,  in  their 
transverse  grooves  till  they  come  to  a  bearing  at  dd  ( Figs.  2  and  11,  Plate 
111),  when  the  motion  of  the  breech-plug  is  arrested;  the  inner  end  of 
the  latcli  pin  moves  down  its  transverse  groove  till  it  stops  at  c  (Fig.  2, 
Plate  111),  thus  unlocking  the  carrier-ring  from  the  jacket.  The  lever- 
handle  is  now  depressed,  its  head  coming  into  the  recess  in  the  face  of 
the  carrier- ring,  and  its  lower  end  fitting  into  its  re<;ess  in  the  jacket. 

The  piece  is  now  ready  for  tiring,  its  breech  mechanism  being  iu  the 
position  first  described. 

The  lever- handle  is  bent  sideways  to  clear  the  vent. 

THE  FOBGINGS. 

These  were  received  from  the  Midvale  Works  on  the  27th  of  Decern- 
Her,  1883.  The  tube  was  solid,  the  jacket,  trunnion  ring,  sleeve,  key- 
ring, and  base-ring  forged,  bored,  and  turned  roughly,  and  tem|iered 
in  oil.  The  tube  was  not  oil-tempered.  The  smaller  forgiugs  for  the 
breech  mechanism  were  received  later. 

Work  on  the  plant  was  begun  November  10,  1883,  and  on  thegon 
itself  January  8.  188-4.  The  gun  was  liuished  and  readv  for  shii>uient 
June  21,  1884. 

THE  PLANT. 

Lathe  for  bonng  tube. — ^There  was  no  lathe  at  the  arsenal  of  sufficient 
length  for  boviiig  auA  t\^\\\^  Wi^  \>^^^^\v^  \>\^  ^^%t»vrork  done  was  to 
fit  up  one.    Two  ricLOt-laWi^ift  \?«t^  \siQ.Nt^v^  ^w^  \«i  ^\i^^^xA.>iciss«.Ma 
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connected  by  straps,  as  shown  at,  a,  a/  (Plate  IV).  The  lathes  were 
also  connected  by  a  heavy  bolt,  and  accurately  leveled,  makiupf  the 
beds  practically  continuous,  and  |?iving  sufficient  length  between  cen- 
ters for  all  purposes.  By  moving  head  stock  and  changing  the  counter- 
shaft this  lathe  was  used  for  piercing  the  tube,  then  for  reaming,  and 
aftf^rwanls  for  riding. 

Boring  tools, — (1)  The  tool  used  for  piercing  the  tube  is  called  a  "hog- 
nosed  tooP  by  the  workmen.  It  is  shown  in  detail  in  Plate  V,  Fig.  1, 
giving  a  plan,  Fig.  2  a  side  elevation,  and  Vig.  3  a  front  elevation  of 
the  tool,  and  Figs.  4,  4a,  5, 5a  the  tool  complete.  It  is  made  of  steel,  in 
two  parts,  the  bar  bearing  the  cutter-head  being  keyed  together  in  the 
middle  at  5,  b  (Figs.  4a  and  5a)  with  a  taper  key.  A  steel  bar  of 
proper  size  is  upset  to  form  the  cutter-head  c  (Figs.  1  and  2)..  The 
bnr  and  head  are  then  turned  to  size,  and  one-half  the  cylinder  is  planed 
off'  at  the  head,  forming  the  cutter-head,  as  shown  at  Fig.  3.  Before 
this  planing  is  done  a  hole  d  (Fig.  3)  is  drilled  and  tapped,  and  a  screw- 
plug  inserted,  on  which  the  center  is  accurately  marked.  The  object 
of  this  is  that  the  tool.may  be  centered  and  its  cutter  accurately  turned 
after  it  is  screwed  into  place  nt  e  e  (Figs.  1  and  2).  When  not  in  use 
this  plug  is  removed,  and  its  hole  tilled  with  waste,  to  keep  out  chips, 
&c.  The  shape  of  the  cutter  is  shown  at  e  e  e  (Figs  1,  2,  and  3) ;  its 
seat  is  accurately  planed  out  in  the  cutter-head,  and  it  is  screwed  into 
place  and  held  by  the  two  screw-bolts  shown  in  plate;  it  is  turned  con- 
C4'ntric  with  the  head  by  the  use  of  the  screw-plug  center  already 
described;  /,/  is  a  small  copper  tube  which  runs  along  the  tool,  and 
is  fastened  to  it  with  copper  straps  and  screws.  It  supplies  a  stream 
of  oil  to  the  cutter  during  its  progress  through  the  tube.  Its  operation 
will  be  understood  by  a  reference  to  Plate  IV;  it  is  there  shown  con- 
nected to  a  small  hand-pump  by  a  rubber  tube.  This  pump  stands  in 
a  vessel  filled  with  lard  oil,  and  by  its  action  the  oil  is  forced  through 
the  rubber  and  copper  tubes,  and  issues  in  a  stream  against  the  cutter, 
and  then  runs  back  down  the  bore  of  the  gun  into  the  reservoir.  This 
cutting-tool,  being  accurately  turned,  and  entered  properly  in  the  bore, 
is  self-centering,  as  is  seen  from  its  shape,  and  will  guide  itself  and 
make  a  true  hole.  In  the  present  case,  after  traveling  a  distance  of 
nearly  8  feet,  its  divergence  from  a  straight  line  was  so  slight  that  it 
could  not  be  measured  with  any  instrument  on  hand. 

The  form  of  its  chips  is  shown  in  Figs.  6  and  Hay  Plate  V.  As  the  chips 
are  cut  off'  they  accumulate  on  the  iiat  surface  e  c  of  the  cnttiog-head, 
and  the  cutter  must  be  drawn  out  and  cleared  when  this  space  becomes 
filled.  After  a  little  ex)>erience  the  time  is  soon  ascertained  which  it 
requires  to  fill  up  the  c.tter  with  chips,  and  no  clogging  need  occur. 
It  was  found  that  a  cut  of  about  three-eighths  of  an  inch  was  sufficient 
to  fill  up  the  cutter  with  chi])S. 

Boring  the  tube. — ^The  action  of  the  tool  is  shown  in  Plate  IV.  The 
tube  is  represented  at  b  (Figs.  1,  2,  and  3,  Plate  IV).  Four  iron  jawa 
are  bolted  to  the  1ace-])late  of  the  lathe  c,  c  (Figs  1  and  3).  They  are 
bored  out  to  the  diameter  of  the  tube,  a  wrought-iron  ring  d  (Figs.  1  and 
3)  shrunk  over  their  outer  ends  to  prevent  springing,  and  screw-bolts 
passing  through  them,  6,  e  (Fig  1),  hold  the  tube  in  position  for  boring. 
A  bearing  is  turned  on  the  other  end  of  the  tube  at  </,  and  this  end  is 
supported  by  a  back-rest. 

The  position  of  the  piercing  tool  is  shown  at  Je  (Figs  1  and  2),  its  first 
section  only  being  represented.  The  second  section  is  keyed  on  to  the 
first  as  the  boring  progresses.  The  handle  of  the  tool  is  held  by  two 
straps  m  (Figs.  1  and  3),  the  lower  one  being  bent  as  sbQ^nl^v  ¥v^.%^ 
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and  resting  on  the  lathe-bed,  along  which  it  is  free  to  move.    By  thU 
lower  strap  the  tool  is  held,  and  prevented  from  turning,  as  the  tabe 
rotates.    The  tool  is  fed  forward  by  the  hand- wheel  of  the  tail-stock  till 
it  reaches  the  limit  of  its  travel,  when  the  tail-stock  is  moved  forward 
and  clamped,  and  the  tool  again  fed  forward  from  its  new  position.   To 
draw  the  tool  back  for  cleaning  it  of  chips,  &c.,  two  straps  are  attached 
to  the  tail-stock  center,  shown  at  n  (Fig.  1),  and  are  connected  longita- 
dinally  with  the  straps  m  by  bolts  and  uutspp  (Fig.  1).    The  tabe  is 
driven  by  the  head-stock  of  the  lathe,  and  the  cutter  fed  forward  by 
hand  and  held  as  described,  till  the  tube  is  bored  to  a  depth  equal  to 
the  length  oT  the  first  section  of  the  cutter-bar,  when  its  second  section, 
Fig.  6  and  oa,  Plate  V,  is  keyed  on,  and  the  boring  completed.    This 
was  accomplished  without  any  accident  or  delay,  only  one  cutter  being 
Uied  in  the  operation.    It  was  found  that  at  a  point  about  two  feet  from 
the  muzzle  the  metal  was  soft  for  a  distance  of  a  few  inches.    This  was 
shown  by  the  movement  of  the  cutter,  which  could  be  fed  forward  very 
rapidly  at  this  point,  while  ordinarily  its  motion  was  very  slow.    Tbe 
same  thing  was  noticed  at  several  other  points,  and  would  seem  to  in- 
dicate that  the  metal  of  the  tube  was  not  homogeneous.    These  spots 
afterwards  showed  very  plainly  in  the  rifling.    !No  such  defects  were 
observed  in  the  other  parts  of  the  gun,  and  as  these  were  oil-tempered, 
while  the  tube  was  not,  it  is  thought  that  it  would  be  a  great  improve- 
ment if  the  tube  after  its  first  boring  should  be  oil-tempered  also.    The 
time  required  for  boring  the  tube  was  seven  days  of  t^n  hours  each,  one 
man  and  a  boy  being  required.    It  should  be  added  that  before  using 
the  piercing  tool  a  hole  was  drilled  to  the  depth  of  the  cutter-head  in 
the  tube,  and  enlarged  by  the  use  of  successive  tools  till  it  was  the  exaet 
diameter  of  the  cutter-head,  viz,  2.95  inches. 

Tool  for  boring  jacket  and  sleeve. — This  is  shown  in  Figs.  1  and  2,  Plate 
VI.  It  is  the  ordinary  boring  bar  used  for  boring  cylinders,  a  a  (Fig. 
I)  is  the  bar;  it  has  a  longitudinal  groove  in  which  rests  the  feed-screw 
2»,  turning  in  a  collar  at  each  end,  and  carrying  a  gear-wheel  c,  c  (Figs. 
1  and  2)  at  one  extremity.  The  cutter  is  carried  by  a  sliding-head  d 
(Fig.  1)  which  fits  the  bar  accurately  and  slides  along  it,  driven  by  the 
feed-screw  6,  which  passes  through  a  fixed  nut  d  on  this  sliding-head. 
The  cutter  is  shown  at  e.  The  manner  of  communicating  motion  to  the 
feedscrew  is  shown  in  Fig.  2,  and  at  c  (Fig.  1).  The  boring-bar  passes 
through  the  jacket,  which  is  shown  at  A:,  k  (Figs.  1  and  2),  and  is  held 
firmly  clamped  at  nt,  so  that  it  turns  with  the  head-stock  of  the  lathe, 
while  it  rests  at  the  other  end  against  the  lathe-center  at  d^  The  jacket 
is  held  firmly  and  does  not  turn.  Now,  it  will  be  seen  by  an  inspection 
of  the  gears  at  c  (Fig.  2)  that  when  the  boring-bar  turns  about  its  axis, 
the  pinion  d*  being  fixed,  motion  is  communicated  through  the  inter 
mediate  gearing  to  the  feed-screw,  which  turns  in  its  nut  in  the  sliding- 
head  at  dy  and  the  screw  being  fixed  and  its  nut  movable,  the  nut  with 
the  sliding-head  attached  moves  forward  slowly  parallel  to  the  axis  (rf 
the  bar,  and  is  at  the  same  time,  by  the  motion  of  the  bar  itself,  carried 
round  in  a  circle,  so  the  cutter  makes  a  spiral  cut  on  the  interior  of 
the  jacket. 

Boring  thejacket-^The  interior  of  the  jacket  was  first  bored  out  to  its 
smaller  diameter,  and  then  by  means  of  suitably  shaped  cutters,  shown 
in  1,  2,  3,  4,  5,  6  7,  8,  9  (Plate  VI),  the  larger  diameter  was  bored,  and 
by  stopping  the  feed  at  the  shoulder  and  causing  the  tool  to  move  in 
a  circle,  the  proper  shape  was  given  to  the  shoulder.  The  outside  of 
the  jacket  was  then  turned  to  a  cylinder,  its  diameter  being  a  little 
greater  than  tbe  maximwm  ^\i\&\v^^  •^\^\si^\ftx^  and  the  shoulder  turned 
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on  front  end  of  jacket.  The  time  required  for  this  work  was  nineteen 
and  one-half  days  of  eight  hours  each,  one  man  being  employed.  The 
same  bar  was  used  for  the  sleeve.  Time  reqniied  for  boring  and  turn- 
ing sleeve  six  days  of  eight  hours  each,  one  man  being  employed.  The 
sleeve  was  rough-turned  only,  on  the  outside,  except  for  a  distance  of 
about  1  inch,  at  the  end  next  the  trunnion-ring,  where  it  was  turned 
down  accurately  to  finished  dimensions  for  shrinking. 

Wood  reamers  for  tvhe, — After  the  tube  is  pierced  with  the  first  cut- 
ter previously  described,  to  a  diameter  of  2.95  inches,  it  is  finish  bored 
up  to  its  diameter  of  3.2  inches  with  wood  reamers.    Three  different 
sizes  of  these  were  used,  two  for  the  intermediate  cuts,  and  one  for  the 
finishing  or  polishing.     These   reamers  are  similar  in  construction, 
and  vary  only  in  diameter,  according  to  the  cut  they  have  to  make. 
Their  construction  and  cutters  are  shown  in  Figs.  5,  5a,  56,  6, 3,  and  4, 
I^late  VI.    a  a'  (Figs.  3  and  4)  is  a  flat  steel  forging,  terminating  at  a'  in 
&  frustum  of  a  cone  having  a  slot  through  which  a  key  passes  to  join 
it  to  its  boring  bar.    A  front  view  is  given  in  Fig.  6.    Two  bolt  holes 
are  drilled  through  the  fiat  part  of  the  reamer  h  (Fig.  4),  and  through 
these  pass  the  bolts  which  hold  the  two  pieces  of  wood  o,  c  in  position 
Om  the  sides  of  the  forging  at  d  two  dovetailed  slots  are  planed  out,  and 
into  these  the  two  cutters  are  driven  tightly.    The  shape  of  the  cutters 
is  shown  in  Figs.  5,  6a^  5tt    The  wood  is  generally  cherry,  thoroughly 
saturated  with  oil,  and  after  being  bolted  into  place  and  the  cutters 
driven  in,  the  reamer  is  centered  in  a  lathe,  and  cutters  and  wood  turned 
accurately  to  the  size  of  the  cut  to  be  made.    The  wood  fits  the  bore 
very  tightly  and  forms  a  bearing  for  the  reamer,  the  steel  forging  not 
coming  in  contact  with  the  metal.    A  groove  is  made  in  the  wood,  in 
which  lies  the  co})per  tube,  which  runs  along  the  cutter  bar,  and  fur- 
nishes a  stream  of  oil  to  the  cutters,  as  explained  in  using  the  piercing 
tool.    This  groove  is  shown  at  e  (Figs.  4  and  6,  Plate  VI). 

The  boring  and  rifling  machine. — Plate  VII  shows  three  different 
views  of  the  rifling  machine  which,  with  a  few  modifications,  was  used 
for  boring  with  the  wood  reamers.  This  machine,  in  all  its  details,  was 
the  original  design  of  Mr.  H.  P.  Elwell,  draughtsman  at  this  arsenal, 
and  has  worked  perfectly,  without  any  hitch  or  trouble  of  any  kind. 
The  machine  was  built  from  his  drawings  without  any  changes  or  mod- 
ifications, and  none  have  been  found  necessary,  and  it  seems  to  be  all 
that  could  be  desired  for  the  purpose. 

For  boring,  the  machine  is  arranged  as  follows:  In  Fig.  1,  Plate 
VII,  a,  a  are  the  ways  of  the  lathe  previously  described  (the  two  shot 
lathes  joined  together),  2»,  h  (Figs.  I  and  2)  the  headstock,  e,  e,  c, 
a  friction  clutch  with  its  pulleys.  In  the  boring  machine  this  clutch 
and  its  pulleys  are  not  used,  being  replaced  by  the  ordinary  speed 
cone ;  (2,  d  is  the  bonng  bar,  or  bar  which  carries  the  wood  reamers. 
It  is  a  hollow  pipe,  2\  inches  outside  diameter  and  1^  inches  inside, 
length  117  inches.  At  the  front  end,  at  e  (Figs.  1  and  2),  a  slot  is  cut 
through  the  bar,  and  through  this  passes  a  key  which,  fitting  into  the 
corresponding  slot  in  the  wood  reamer,  keys  the  latter  into  its  place  on 
the  bar,  as  shown  in  Fig  2.  The  ii>side  of  the  bar  at  e  has  a  taper  cor- 
responding with  that  on  the  wood  reamer.  /  (Figs.  1  and  2)  is  the  tail- 
stock  of  the  lathe  with  the  spindle  and  hand-wheel  removed,  and  a 
casting//' substituted  for  it,  containing  a  bearing,/,  for  the  front 
part  of  the  boring  bar.  A  key-way  is  cut  along  the  boring  bar  its 
whole  length,  and  a  key  inserted  in  the  bottom  of  the  front  bearing. 
This  prevents  the  boring  bar  from  turning  during  its  forward  motion. 
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This  front  bearing  is  fixed  as  near  the  muzzle  of  the  gan  as  possible, 
and  held  firmly  by  bolts. 

(/,  g  (Figs.  1  and  2)  is  called  the  ^<  sliding  head."  It  is  made  of  cast 
iron,  and  its  general  shape  is  sufficiently  indicated  in  the  drawing.  It 
slides  freely  along  the  ways  of  the  lathe.  A,  h  (Figs.  1  and  2),  ou  the 
front  part  of  the  sliding  head,  forms  the  rear  bearing  for  the  boring 
bar.  On  the  rear  end  of  the  boring  bar  an  iron  collar  is  shrunk,  whose 
length  is  sufficient  to  till  the  space  A:,  /:,  between  the  front  bearing  Jk, 
and  the  rear  bearing  h'^  of  the  sliding  head.  In  this  rear  bearing  V 
of  the  sliding  head  rests  a  bronze  nut,  m,  with  a  pitch  of  oneteuth  of 
an  inch.  The  front  face  of  this  nut  rests  against  the  rear  face  of  the 
collar  on  the  end  of  the  boring  bar,  but  otherwise  they  are  not  con- 
nected, except  through  the  sliding  head,  n  is  the  boring-bar  screw,  or 
feed-screw.  This  screw  has  a  ])itch  of  one-tenth  of  an  inch,  a  diameter 
of  If  inches,  and  a  length  of  117^  inches.  It  is  tapered  at  the  end 
next  the  headstock  6,  and  fits  into  the  corresponding  tapering  sockt^in 
the  lathe  spindle,  where  it  is  secured  by  a  pin,  and  from  this  lathe  spin- 
dle it  receives  its  motion.  It  then  rests  ou  the  bearing,  at  o,  which  is 
simply  a  sliding  rest,  following  the  motion  of  the  sliding-bead  g^  and 
serving  to  steady  the  screw.  The  sliding  rest  and  sliding  head  are  con- 
necte<l  by  the  bolt  j?  (Fig.  2).  The  bed  screw  n  then  passes  into  the 
bronze  nut  m,  and  thence  into  the  interior  of  the  boring  bar  d. 

Action  of  the  machine  in  boring. — From  the  description  of  the  varioos 
parts,  their  action  is  evident.  The  gun  being  secured  in  the  lathe,  in 
the  position  shown  in  Plate  IV,  Fig.  1,  and  the  reamer  keyed  to  its  bar  at 
e  (Plate  VII),  the  gun  is  made  to  revolve,  motion  being  communicated 
to  the  cone  and  face  plate  to  which  it  is  bolted:  Then  the  siieed  cone 
at  c,  c,  c  is  set  in  motion.  The  feed  screw  n  being  secured  to  the  s]»indle 
of  this  cone,  revolves  with  it,  and  being  fixed,  while  its  bronze  nut  mis 
movable,  this  nut  is  driven  forward.  This  nut  bears  against  the  collar 
on  the  rear  end  of  boring  bar,  and  hence  the  boring  bar  and  the  sliding 
head  g  are  driven  forward.  The  boring  bar  slides  through  its  fmnc 
bearing  BX>fj  and  is  prevented  from  turning  by  the  key,  which  slides  in 
the  key- way  along  the  bar.  The  cutter  is  therefore  carried  forwanl,  and 
travels  down  the  bore  while  the  gun  revolves.  After  the  sliding  head  j 
has  moved  forward  the  length  of  the  bolt  j?  (Fig.  2),  the  nut  on  the  end 
of  the  bolt  comes  to  a  bearing  against  the  front  surface  of  the  sliding 
head,  and  the  sliding  rest  o  is  then  pulled  along  at  this  distance  from 
the  sliding  head,  supporting  the  feedscrew  and  preventing  vibrations. 
A  constant  stream  of  oil  must  be  kept  flowing  against  the  cutter  through 
the  tu)>e,  as  previously  explained. 

Boring  the  tube. — Two  cuts  were  made  with  the  reamers  before  shrink- 
ing, leaving  only  the  finishing  cut  to  be  made  after  that  operation. 
The  object  was  to  remove  all  the  metal  possible  before  shrinkage,  so 
that  no  change  should  take  place  from  cutting  away  after  that  operation. 
The  first  cut  was  ().(»55  inch  in  depth,  increasing  the  diameter  of  the 
tube  from  1\95  to  3  06  inches.  The  time  required  to  make  the  cut  vas 
about  ten  hours.  After  the  first  cut  had  progressed  about  5  feet,  the 
rubber  tube  supplying  the  oil  burst,  and  the  cutter  broke,  and  also 
part  of  the  forging  of  the  reamer,  owing  to  lack  of  oil.  This,  however, 
was  soon  remedied,  and  caused  no  damage  to  the  tube.  No  further 
trouble  of  an^'  kind  was  experienced  in  the  boring.  The  second  cat 
was  .045  inch  in  depth,  increasing  the  diameter  of  the  tube  fit)m  3.06  to 
3.15  inches,  and  require*!  about  the  same  time.  This  left  .05  inch  to  be 
removed  in  finishing,  and  this  was  done  in  two  cuts  after  the  shrinkiniff 
the  first  cut  taking  h^vxtV'^  «\\  \\ife  m^\a\^^M<i  tUe  second  being  ouIy» 
polishing  cut  and  v^r^  %\\^\iX. 
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The  rifling  machine, — Many  of  the  parts  already  deRcribed  as  belong- 
io^  to  tlie  boring  machine  are  common  also  to  the  rilling  machine.  It 
L8  shown  in  Plate  VIL  In  rifling  the  gun  it  is  necessary  to  give  a  mo- 
tion of  rotation  to  the  rifling  tool,  as  well  as  of  translation,  the  gun  be- 
in^  held  firmly,  and  this  motion  of  rotation  must  of  course  corres])ond 
wiih  the  twist  of  the  rifling;  in  the  present  instance,  one  turn  in  eight 
feet.  The  modifications  in  and  additions  to  the  boring  machine,  are 
tben  x>rinci|mlly  for  the  purpose  of  obtaining  this  rifle  motion.  In  gen- 
Bral  this  arrangement  is  8im])ly  a  modifieati<m  of  the  screw-cutting  gears 
which  are  found  on  almost  everj'  lathe.  The  rifling  bar,  which  carries 
the  rifling  tool,  is  shown  at  d^  d  (Figs.  1  and  2).  It  difi^ers  in  dimen:- 
Bions  from  the  boring  bar,  its  outside  diameter  being  2f  inches,  inside 
1^  inches,  length  104  inches.  The  pipe  being  thin  a  wrought-iron  plug 
is  welded  into  the  front  end,  and  bored  out  tapering  to  fit  the  coixe- 
Bponding  taper  on  the  rifling  head.  The  rifling  bar  fits  in  a  front  bear- 
ing at  6',  through  which  it  slides.  Figs.  1  and  2,  Plate  VIII,  show  the 
rear  end  of  the  rifling  bar.  This  bar  rests  in  its  beaiing  in  the  sliding 
head  h  (Fig.  1,  Plate  VII),  at  h,  h  (Fig.  2,  Plate  VIII).  h,  h  (Figs.  1 
and  2,  Plate  VIII),  is  a  wroughtiron  collar,  shrunk  on  the  rear  end  of 
rifling  bar;  a,  a  is  one  of  the  gears  on  the  rifling  bar,  shown  also  in  Figs. 
1  and  2,  Plate  VII.  c,  c  (Figs.  1  and  2,  Plate  VllI,  and  1  and  2,  Plate 
VII),  is  a  cast-iron  disk,  fitted  to  the  wroughtiron  collar,  on  rifling  bar, 
as  shown  in  Fig.  2,  Plate  VIII,  and  held  securely  to  it  by  the  four  screws 
d^  rf,  d^  d  (Figs  1  and  2,  Plate  VIII).  It  has  also  24  taper  holes,  corre- 
sponding to  the  number  of  grooves  in  the  gun  A:,  h  Fig.  1,  Plate  VIII. 
Through  the  gear-wheel  a  a  hole  is  drilled  (shown  at  f".  Fig.  2,  Plate 
VIII),  and  tapped,  and  in  this  hole  is  inserted  the  steel  bushing.  Fig.  4. 
The  outer  end  of  this  bushing  is  tapped,  and  the  screw-thread  cut  away, 
Figs.  4  aiid  4a,  forming  an  interrupted  screw-thread,  and  in  this  thread 
and  projecting  through  the  hole,  and  into  each  of  the  holes  of  the  cast- 
iron  disk  in  succession,  works  a  taper  steel  pin.  Figs.  3  and  3a,  with  an 
interrupted  thread  corres])onding  to  that  in  the  bushing.  The  gear- 
wheel n,  a  turns  freely  on  the  lifling  bar,  and  communicates  no  motion 
to  the  latter,  so  long  as  it  is  not  connected  with  the  cast-iron  disk.  This 
disk,  it  will  be  seen,  is  firmly  connected  with  the  rifling  bar  by  means 
of  the  four  screws  d^  d,  through  the  wit)ught-iron  collar,  and  hence  it 
communicates  any  motion  of  rotation  it  may  receive  to  the  bar.  !Now, 
when  the  tapering  steel  pin  is  inseited  through  its  bushing  in  the  gear 
a  and  into  one  of  the  holes  of  the  disk  e,  and  locked  there  by  means  of 
its  screw  thread,  the  gear  and  cahtiron  disk  beceme  locked  together 
firmly,  and  any  motion  of  the  gear  will  be  communicated  to  the  disk  and 
rifling  bar,  and  they  will  all  revolve  together.  The  use  of  the  inter- 
rupted thread  is  obvious.  By  giving  the  pin  one-fouith  of  a  turn,  the 
threads  become  unlocked,  and  the  i)in  may  be  drawn  out,  the  disk  and 
its  rifling  bar  and  cutter  revolved  one  twenty -fourth  of  a  turn,  till  the 
cutter  comes  opposite  the  next  groove  in  the  gun,  when  the  i)in  is  re- 
placed, the  disk  and  gear  locked  together,  and  the  machine  read^'  to 
start  on  a  new  cut. 

This  gear  a,  with  its  disk  and  collar,  rests  in  the  space  between  the 
two  bearings  of  the  sliding  head,  as  shown  in  Figs.  I  and  2,  Plate  VII, 
the  front  face  of  the  gear  bearing  against  the  rear  face  of  the  front 
bearing,  h.  In  the  rear  bearing  h  ot  the  sliding  head  in  the  bronze  rifling 
nnt  m  through  which  passes  the  driving  screw  n.  This  nut  has  a  ])itcli 
of  1  inch  for  its  thread.  Its  front  surface  bears  a^airst  the  rear  face 
b,  6,  of  the  wrought-iron  collar  on  the  end  of  che  rifling  bar,  Figs  1  and  2, 
Plate  VIL    The  driving-screw  then  rests  in  the  sliding  bearing  o  (^Fi^^s. 
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1  and  2y  Plate  VIII),  which  follows  the  sliding  head  and  sapports 
the  feed-screw,  as  explained  in  the  case  of  the  boring  machine.  The 
end  of  the  screw,  next  the  headstock  tapers,  and  fits  a  corresponding 
tapering  socket  in  the  lathe  spindle,  to  which  it  is  secured  by  a  pin. 
Hence,  when  motion  is  communicated  to  the  lathe  spindle  the  screw 
turns  with  it.  The  screw  and  its  nut  are  left  handed;  &j  c',  &  (Figs  1 
and  2,  Plate  VII),  is  a  friction  clutch,  which  i?  very  quick  in  its  action, 
and  by  which  direct  and  reverse  motion  can  be  obtained.  The  clutch 
is  worked  by  an  arrangement  of  shipping  rods  and  levers,  shown  in 
Fig.  2,  Plate  VII,  at  r,  r.  This  is  so  arranged  that  the  workman  may 
stand  at  the  muzzle  of  the  gun,  and  work  the  clutch  with  the  handle  r*. 
It  is  generally,  however,  worked  automatically,  by  two  stops  r",  r"' 
(Fig.  2),  fastened  to  the  rod  r,  and  a  corresponding  projecting  strap « 
bolted  to  the  front  of  the  sliding  head.  When  the  sliding  head  carry- 
ing the  cutter  reaches  the  end  of  its  travel,  the  strap  8  strikes  against 
the  front  stop  r'',  shifts  the  clutch,  and  stops  the  motion  of  the  catter. 
On  its  return  down  the  bore,  when  the  cutter  has  cleared  the  bore,  and 
reached  its  proper  position,  this  strap  8  strikes  the  stop  r"'j  and  again 
stops  the  motion  of  the  cutter. 

On  the  outside  of  the  lathe  spindle  at  t,  t  (Figs.  1  and  2,  Plate  VII) 
is  keyed  a  small  pinion.  It  receives  its  motion  from  this  spindle,  tnnis 
with  it,  and  transmits  this  motion,  modified  and  reduced  by  meansof 
the  intermediate  gearing  shown  in  the  figure,  to  a  gear  on  the  spline 
shaft.    The  general  arrangement  of  this  gearing  is  shown  in  Fig  3,  Plate 

VII.  It  is  held  by  a  frame  bolted  on  to  the  headstock,  and  a  detailed 
description  is  unnecessary.  This  spline  shaft  is  shown  at  m,  m  (Fig.  1). 
It  rests  in  two  bearings,  one  bolted  to  the  tail  stock  at  n,  and  the  other 
to  the  headstock  at  n'  (Fig  1).  A  key-way  is  cut  along  the  shaft.  This 
shaft  passes  through  bearings  at  8  on  the  sliding  head,  and  carries  a 
pinion  at  t,  which  gears  into  the  wheel  a.  As  this  sliding  head  moves, 
carrying  with  it  the  gear  a,  the  pinion  also  slides  along  its  shaft  m, « 
The  other  gear-wheel  on  the  spline  shaft  is  shown  at  p  (Fig.  1).  Tbe 
motion  which  is  communicated  from  the  pinion  on  the  lathe  spindle  ii 
carried  to  this  gear-wheel  p,  which  causes  the  spline  shaft  to  rotate; 
this  motion  is  transmitted  by  the  pinion  ty  to  the  gear-wheel  a,  and  con- 
sequently to  the  rifling  bar.  A  table  of  the  gear  is  given  in  drawing 
Plate  VII,  and  by  changing  one  gear  (that  marked  60  teeth)  for  another 
of  the  proper  number  of  teeth,  any  uniform  twist  can  be  obtained.  The 
bar  makes  one  turn  to  ninety -six  turns  of  the  spindle,  the  velocity  rado 
being  one  to  nintey-six,  and  giving  the  required  twist  of  one  turn  in  96 
inches. 

The  rifling  tool — ^This  is  shown  keyed  into  the  rifling  bar  in  Fig.  % 
Plate  VII,  and  its  details  are  shown  in  Plate  IX,  with  a  section  Plata 

VIII,  Fig.  5.  It  was  designed  by  Mr.  H.  P.  Elwell,  also,  and  made 
from  drawings  furnished  by  him,  and  has  worked  perfectly.  A  general 
view  of  the  tool  is  given  in  Fig.  I,  Plate  IX.  The  head  a  is  a  solid 
forging  of  low  steel,  ending  in  a  taper  5,  corresponding  to  that  in  the 
front  end  of  rifling  bar,  and  having  a  slot  1/  for  the  key  by  which  it  is 
fastened  to  the  bar.  On  the  exterior  the  slots  c,  c  are  planed  out,  aixA 
pieces  of  bronze  dovetailed  into  them,  forming  bearings  which  rest 
against  the  bore,  and  prevent  the  contact  of  the  steel  head.  Fig.^i 
Plate  IX,  gives  a  front  view  of  the  rifling  head,  with  its  bronze  bear- 
ings. On  the  interior  the  head  isbroached  out  to  the  point  a  (Fig.  5,  Plate 
VIII),  of  such  a  shape  as  to  receive  a  sliding  pin,  shown  at  b  (Fig>^ 
Plate  VIII),  and  in  section  at  a  (Fig.  3,  Plate  IX).  From  this  point  i 
(Fig.  5,  Plate  Vlll^  to  tVi^  \io\Xom  d.  \;^\^.  V^  Plate  IX),  the  hole  iscy- 
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lindrical  Id  shape,  and  forms  a  bearing  for  the  end  V  (Fig.  5,  Plate 
VIII)  of  this  pin,  which  slides  in  it.    The  front  bearing  of  this  pin  is 
shown  in  section  (Fig.  3,  Plate  VIII).    It  has  first  a  screw-thread  cut 
on  it,  c,  and  on  this  is  screwed  a  long  nut,  d.    This  nut  is  of  steel,  and 
sliding  in  a  bronze  bearing,  e,  forms  the  outer  bearing  of  the  pin.    This 
bronze  bearing  is  screwed  to  the  front  of  the  rilSing  head  with  the  screws 
e,  e  (Fig.  2,  Plate  IX).    On  each  side  of  this  sliding  pin  is  an  inclined 
groove,  shown  at  /  (Fig.  5,  Plate  VIII).    Across  the  face  of  the  ste^l 
rifling  head  is  planed  a  dovetailed  slot,  dj  d  (Fig.  2,  Plate  IX.),  and  in 
this  slot  fits  a  sliding  piece  (Fig.  3,  Plate  IX).    In  the  middle  of  this 
sliding  piece  is  a  hole,  a  (Fig.  3,  Plate  IX),  of  the  exact  shape  of  the 
sliding  pin,  and  through  this  hole  the  pin  passes.    Two  little  projec- 
tiona,  bj  2>,  fit  into  the  inclined  grooves  on  the  sides  of  the  sliding  pin. 
At  the  upper  end  of  this  sliding  piece  is  a  socket,  c,  with  a  threaded 
hole.    The  cutter  is  fixed  in  this  socket  with  a  screw.    The  cutter  is 
Bhown  iu  Figs.  4  and  4a,  and  in  poHition  at  k  (Fig.  2,  Plate  IX).    All 
the  parts  are  made  of  steel,  except  the  bronze  bearings  c,  c,  for  the 
Hfling  head,  and  the  bearing  for  the  sliding  pin  e,  e  (Figs.  1  and  2, 
l^late  IX),    An  inclined  hole,  m  (Fig.  2,  Plate  IX),  through  a  lug  on 
the  front  part  of  the  bronze  bearing  e  «,  admits  the  passage  of  the  cop- 
per tube  supplying  oil  to  the  cutter. 

Action  of  the  rifling  tool, — The  rifling  head  being  keyed  in  position  in 
its  bar,  as  shown  in  Fig.  2,  Plate  YLly  and  the  cutter  Ar(Fig.  2,  Plate 
IX)  being  fastened  iu  its  socket  by  the  screw  n,  the  nut  d  (Fig.  5,  Plate 
V'lII)  is  drawn  forward  till  its  liead  at  g  (same  figure)  rests  against 
fclie  shoulder  of  the  front  bearing  e.    By  this  motion  the  pin  6,  b*  is  also 
ilrawn  forward,  and  the  lugs  b  b  (Fig.  3,  Plate  IX),  of  the  sliding  piece, 
Knove  in  the  grooves  iu  the  sides  of  the  pin,  and  cause  this  sliding  piece 
^nd  its  cutter  to  rise  into  the  position  shown  in  Fig.  2,  Plate  IX.    If 
t:he  cutter  does  not  project  enough,  it  is  raised  by  taming  the  nut  d 
(Fig.  5,  Plate  VIII),  by  which  movement  of  the  nut  the  sliding  pin  is 
cillowed  to  move  farther  forward,  and  consequently  the  sliding  piece 
9nd  its  cutter  are  raised  higher.    In  this  manner  the  cutter  may  be  set 
for  a  cut  of  any  depth.    This  being  done,  the  cutter  is  driven  forward 
Cilong  the  groove  in  the  gun,  the  forward  nut  d  resting  with  its  shoulder 
S  (Fig.  5,  Plate  VIII)  against  the  corresponding  shoulder  on  the  front 
l3earing  e  till  it  reaches  the  end  of  its  cut  at  the  bottom  of  the  bore. 
^M^hen  it  reaches  this  point  the  forward  end  m  of  the  sliding  pin  (Fig.  5, 
^late  IX),  strikes  against  a  projecting  pipe,  working  on  a  spring,  which 
is  inserted  in  the  axis  of  the  tube  at  the  rear,  and  the  sliding  pin  is 
])Qshed  back  in  its  bearings,  carrying  its  nut  d  along  with  it  (this  nut 
^sliding  freely  in  its  bearing  e),  until  the  shoulder  on  the  pin  comes 
gainst  the  shoulder  a  (Fig.  5)  in  its  recess.    By  this  motion  the  slid- 
ing piece  n  (Fig.  5),  with  its  cutter,  is  drawn  in,  moving  at  right  angles 
to  the  motion  of  the  pin.    The  motion  of  the  rifling  machine  is  then  re- 
'^"ersed,  and  the  rifling  bar  and  cutter  withdrawn.    When  the  cutter  is 
^tawn  out  of  the  bore  the  sliding  pin  is  pushed  forward  by  hand  till  its 
^Ut  again  rests  in  position  against  the  shoulder  g,  when  the  cutter  is 
^Sain  in  position  to  move  forward. 

Action  of  the  rifling  machine. — Referring  to  Plate  VII,  Fig.  2,  suppose 
the  rifling  bar  and  cutter  to  be  in  the  position  there  indicated ;  B,t  Xy  x 
^  shown  a  small  copper  tube  passing  through  the  inclined  hole  in  the 
^ont  bronze  bearing  of  the  rifling  head.  This  tube  is  flattened  at  its 
^cnt  end  into  the  shape  of  the  orifice  of  a  gas-burner,  and  projects 
^^ar  the  cutter.  To  the  other  end  is  attached  a  rubber  tube,  and 
^h^rough  this  tube  a  constant  supply  of  oil  is  forced  with  the  the  baad* 
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pump  before  discribed.  Tbis  oil  issues  from  the  tnbe,  and  against 
cutter,  iu  a  tbin  flat  stream.  The  rubber  tnbe  is  fed  iu  at  the  rear  of 
the  gun,  and  is  pushed  before  the  cutter  as  it  travels  down  the  bore,  and 
polled  affer  it  as  the  cutter  is  withdrawn. 

The  workman,  standing  at  the  cutter,  starts  the  rifling  machine,  ximg 
the  handle  r'  (Fig.  2,  Plate  VII.)    Motion  being  communicated  totbe 
screw,  it  turns  in  it^  nut,  driving  the  sliding  bead  forward,  and  canning 
with  it  the  rifling  bar  and  its  cutter.    At  the  same  time  the  motion  is 
transmitted  to  the  spline  shaft  by  the  gearing,  as  before  explained,  and 
the  pinion  t  (Fig.  1),  sliding  on  its  shaft  and  gearing  into  a,  give^tbe 
proper  rotary  motion  to  rifling  bar  and  cutter.    At  the  end  of  the  cat 
the  pin  in  the  rifling  head  strikes  the  projecting  pipe  and  the  cutter  is 
drawn  back,  and  at  the  same  instant  the  strap  8  on  the  sliding  bead 
strikes  the  stop  r"  on  the  shipping  rod  r,  the  clutch  is  thrown  off,aDd 
the  forward  movement  of  the  rifling  head  stops.    The  workman  tbeo 
throws  the  clutch  into  action  on  the  opposite  pully,  the  motion  is  re- 
versed, and  the  screw  revolves  in  the  opposite  direction,  drawing  oot 
the  cutter.    When  the  cutter  has  reached  its  ])roper  position  and  cleared 
the  bore,  the  stop  on  the  sliding  head  strikes  the  stop  r'*'  on  the  ship- 
ping rod,  throws  out  the  clutch,  and  stops  the  motion  of  the  rifling  head. 
The  pin  e  (Fig.  2,  Plate  VIII),  which  unites  the  cast  iron  disk  e  and 
the  gear  a,  is  then 'withdrawn ;  the  disk,  and  with  it  the  rifling  bar  and 
cutter,  revolved  one  tweiity-fourth  of  a  turn  till  the  next  one  of  the  bolee 
ky  k  (Fig.  1,  Plate  VIII)  comes  opposite  the  hole  e  in  the  gear,  when  the 
pin  is  again  inserted  and  locked.    During  this  movement  of  the  rifllB? 
bar  and  disk  the  gear  a  will  not  turn,  as  it  is  held  by  its  oonoHlioo 
with  the  other  gears.    This  movement  of  the  cutter  brings  it  op|Hi«te 
the  next  groove  in  the  gun.    The  sliding  pin  in  the  rifling  head  istba 
pushed  forward,  which  raises  the  cutter  to  its  proper  position,  and  then 
the  machine  is  ready  for  starting  again. 

This  is  continued  till  the  cutter  has  traveled  down  the  24  groTes, 
taking  a  chip  of  the  same  thickness  from  each.  The  cutter  is  theni^ 
out  by  its  nut  d  (Fig.  6,  Plate  VIII)  for  a  new  cut  in  each  of  tlie?^ 
groves,  as  ex[)lained.  The  cutter  travels  about  6  feet  per  minnttt 
measured  along  the  axis  of  the  tube.  Time  required  to  rifle  gun  fi^ 
days  of  eight  hours  each,  one  man  and  a  boy  being  employed.  The 
depth  of  the  grooves  was  0.05  inch. 

Tools  for  boring  poxcder  chamber ^  and  turning  outside  of  jacket—^ 
shapes  of  the  powder  chamber  and  jacket  have  already  been  8hown,the 
former  being  a  frustum  of  an  ellipsoid,  and  the  latter  a  figure  cloeelt 
resembling  it.  For  boring  the  powder  chamber  the  apparatus  sbowB* 
Plate  X  was  used,  a  (Figs.  1  and  2)  re[)resents  the  tube,  b  a  ca»li«f 
accurately  b<»red  out  to  tit  the  bar  c.  This  casting  is  i  olted  to  thet*)^ 
post  of  the  lathe,  as  shown,  and  is  cut  open  longitudinally  at  the  top. 
and  held  together  or  tighten^  with  two  screw-bolts,  d  d*  On  looeea- 
ing  these  bolts  the  bar  e  can  be  drawn  out  of  the  holder,  or  movrf 
to  any  position,  and  clamped  firmly  by  screwing  up  the  bolts.  An  «>d 
view  is  given  iu  Fig.  5.  The  bar  is  simply  a  round  steel  bar,  with* 
slot,  e,  at  the  forward  end,  carrying  a  cutting  tool.  Two  cast-iron  i)i«e«, 
^,  g  (Fig.  I),  are  laid  across  the  ways  of  the  lathe  and  bolted  seeing 
in  position.  On  these,  and  bolted  to  them,  is  a  piece  of  cast-iron,  i*^ 
passing  over  the  top  of  the  lathe-slide,  and  so  arranged  that  the  slide 
may  travel  freely  along  the  ways  and  clear  it.  At  A:  is  a  steel  fonB<f» 
of  the  exact  shape  a?id  dimensions  of  the  powder  chamber,  screwed  to 
the  oast-iron  piece  k  h. 
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Figs  3  and  4  is  shown  an  arrangement  which  is  bolted  to  the  side 
)  tool-post  at  HI.  This  arrangement  coDsists  of  a  piece,  a,  a  (Figs. 
I  4),  shaped  as  represented,  and  having  at  b  an  oblong  hole.  In 
lole  is  a  cylindrical  pin  of  steel,  c  (Fig.  4),  terminating  underneath 
knife-edge,  which  bears  against  the  steel  former  k  and  travels 
:  it,  and  above  in  a  screw-thread,  to  which  a  nut  is  fitted.  Under 
lut,  and  passing  over  the  pin  is  a  lug,  dj  to  which  a  wire  rope,  a 
5),  is  attached.  Through  one  side  of  the  oblong  hole  a  set  screw 
8,  e  (Fig.  4).  This  set  screw  rests  against  the  cylindrical  steel  ]>in, 
noves  the  cutter  and  its  bar  forward,  when  the  nut  m  is  slightly 
ened.  b  (Fig.  5)  is  a  small  casting  bolted  to  the  lathe-slide  and 
ing  a  small  pulley,  over  which  the  wire  rope  a  passes.  A  weight, 
attiiched  to  the  other  end  of  this  rope. 

lion  of  the  apparatus. — The  tool  being  arranged  as  shown  in  Figs. 
I  2,  and  the  transverse  feed-screw  of  the  lathe  removed,  the  tube 
ade  to  revolve  in  its  bearings,  and  the  lathe-slide,  driven  by  the 
screw,  moves  forward.  The  tool-post  of  the  lathe  being  free  to 
transversely,  the  weight  d^  attached  to  the  wire  rope  a  (Fig.  5), 
on  the  lug  to  which  the  rope  is  attached  at  its  other  end,  and  keeps 
teel  knife-edge  c  (Fig.  4)  constantly  pressed  against  the  former  fc 
1).  The  tool  e  being  rigidly  connected  with  this  knife-edge,  as 
e  bhown,  is  forced  to  describe  a  curve  of  the  same  shape  as  the 
^r.  After  a  cut  is  made  and  the  tool  withdrawn  the  cutter  is  fed 
md  by  slightly  slacking  the  nut  m  (Fig.  4)  and  turning  the  set  screw 
g.  3),  which  acts  against  the  steel  pin  c  (Fig.  4),  and  moves  the 
ud  its  cutter  out. 

is  same  airangement  was  used  for  turning  the  outside  of  the  jacket, 
mer  of  the  proper  shape  being  used,  and  a  tool  in  an  ordinary  tool 
being  substituted  for  the  bar  c.  It  was  found  in  boring  the  pow- 
hamber,  when  making  the  first  cuts,  that  there  wns  some  vibration 
eb«r  and  cutter,  owing  to  the  distance  of  the  cutter  from  its  holder, 
n  the  finishing  cuts  no  trouble  was  experienced  from  this  source. 
erations  precedivg  shrinking, — All  the  plant  above  described,  to- 
)^v  with  the  ap])aratus  used  in  shrinking,  and  to  be  described  further 
•  as  com])leted  before  shrinking,  and  the  work  done  on  the  gun  was 
Hows :  The  tube  was  pierced  with  the  hog  nosed  tool,  and  bored  up 
diameter  of  3.15,  making  two  cuts  with  the  wood  reamers;  the 
ler  chamber  was  rough-bored,  heaving  a  finishing-cut  only  to  be 

I  after  shrinkage;  the  tube  on  the  outside  was  turned  down  to  di- 
lions  for  the  reception  of  the  jacket,  trunnion-ring,  and  sleeve;  the 
r-t  bread  was  cut  for  the  keyring;  from  the  end  of  the  key-ring  to 
suzzle,  the  tube  was  rou^h-turued,  leaving  as  muc^i  metal  as  pos- 

to  insure  stifi'ness  in  the  subsequent  turning.  The  jacket  was 
led  inside  to  dimensions  and  the  shoulder  turned  on  its  forward 

on  the  outside  the  jacket  was  left  cylindrical  in  shape,  and  of  a 
eter  a  little  greater  than  its  maximum  exterior  diameter  when  fin- 
.  The  object  of  this  was  to  leave  the  metal  as  uniform  in  thick- 
as  possible,  so  that  when  heated  for  shrinking  unequal  expansions 
:ontractioiis  would  be  avoided.  It  was  also  hoped  that,  by  having 
iniform  thickness  of  metal,  the  chances  of  cooling  before  the  tube 

II  place  would  be  lessened. 

e  trunnion-ring  was  finished  to  dimensions  throughout  before 
kage,  except  the  corners  of  the  metal,  which  could  not  be  reached 
the  lathe  or  planer.     These  were  chipped  and  file<i  alter  shrinkage.* 

fiio  required  to  tinUh  truuuiou-riug  twenty  days  of  eight  hours  each,  oue  man 
employed. 
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The  sleeve  was  finished  inside  to  dimensions.  On  the  outside,  as  be- 
fore stated,  it  was  turned  to  dimensions  only  for  about  1  inch  from  the 
front  of  trunnion-ring.  The  remaining  portion  of  the  exterior  was  roog:h* 
turned  to  a  uniform  diameter.  The  key  ring  was  finished  on  the  inte- 
rior, and  its  screw  thread  cut,  and  rough  turned  on  the  outside.  After 
the  parts  were  finished  and  ready  for  shrinking  they  were  carefolly 
measured.    The  measurements  are  given  in  table  No.  1. 

In  making  the  exterior  measurements  and  in  turning  the  parts  of  the 
tube  snap  gauges  were  used,  which  were  carefully  set  by  means  of 
pointed  steel  wires.    These  wires  were  first  accurately  measured  with 
the  vernier  calipers,  a  rubber  tube  being  drawn  over  them  (the  wires) 
to  prevent  expansion  by  the  heat  of  the  hand.    For  interior  measaie- 
ments  steel  wires  were  used,  made  and  protected  in  the  same  way.   For 
making  interior  measurements,  where  the  diameters  varied  slightly,  a 
piece  of  hard  wood  was  used.    Two  wood-screws  were  inserted  in  this, 
one  at  each  end,  and  their  heads  filed  off  and  pointed.    This  wood,  with 
its  screws,  was  inserted  in  the  bore  of  jacket,  &c.,  and  the  screws  grada- 
ally  turned  out  till  contact  was  made  between  the  points  of  the  screws 
and  the  metal,  one  of  the  screws  being  held  in  a  fixed  position  and  the 
other  moved  by  the  hand  first  in  a  plane  perpendicular  to  the  axis  of 
the  bore  and  then  at  right  angles  to  this  plane  till  contact  was  made. 
The  resulting  length  was  then  read  off  on  the  vernier  calipers.    The  pre- 
scribed shrinkage  was  .0015  inch  per  inch  of  diameter.    To  give  (he  pie- 
scribed  shrinkage  the  jacket  trunnion-ring  and  sleeve  were  bor«Ki  acco- 
rately  to  dimensions,  and  the  corresponding  parts  of  the  tube  were  tamed 
to  this  diameter  plus  the  shrinkage.    For  instance,  the  diameter  of  the 
interior  of  the  jacket,  from  the  rear  end  to  the  shoulder  on  the  tube^  was 
6  inches.    The  diameter  of  the  corresponding  portion  of  the  tube  was 
6.0  +  6.0  X  .0015  =  6.009  inches,  and  in  a  similar  manner  the  other  di- 
mensions for  the  exterior  of  the  tube  were  obtained. 

Form  of  shoulder  on  trunnionrinif  and  jacket. — Plate  XI,  Fig.  5,  shots 
the  form  of  this  shoulder  as  originally  designed,  and  Fig.  5  a  shoi3 
the  form  of  shoulder  as  finally  adopted  and  used.    The  first  form  (Fif. 
5)  was  abandoned  on  account  of  the  mechanical  difficulty  of  making  i 
tight  joint  in  shrinking.    The  second  form,  a  straight  taper,  was  sag- 
gested  by  the  commanding  officer  and  approved  by  the  Ordnance  B(»nL 
The  depth  of  the  shoulder  was  not  given  in  the  drawing,  as  no  te«t8 
had  been  made  of  the  metal.    In  order  to  determine  this  depth  of  shoulder, 
or  the  difference  between  the  radii  x'  and  y  (Fig.  5a,  Plate  XI),  at  the 
front  and  rear  of  the  shoulder,  a  specimen  was  taken  from  the  metalof 
the  jacket,  and  this  was  used  because  there  was  no  specimen  from  the 
trunnion-ring  available.    As  will  be  seen,  the  radius  y  of  the  front  of 
the  shoulder  is  greater  than  x'^  the  radius  of  the  rear  part.    The  jacket 
is  first  shrunk  on  and  then  the  trunnion-ring,  and  in  this  operation, it 
is  necessary  for  the  part  of  the  trunnion- ring  whose  radius  is  x.and 
which  is  smaller  than  y,  to  slip  over  y.    The  trunnion-ring  being  heated 
for  this  purpose,  when  it  ha.s  expanded  to  its  proper  dimensions  for 
shrinking  on  the  tube  the  part  of  the  shoulder  whose  radius  is  x  m^ 
also  have  expanded  sufficiently  to  slip  over  y,  and  without  applvini 
sufficient  heat  to  cause  a  permanent  set  in  the  metal.     It  was  found  tf 
a  result  of  tests  in  the  testing  machine  that  the  metal  of  the  trnnnioD- 
ring  extended  more  at  its  elastic  limit  than  that  of  the  jacket,  and  it 
was  thought  that  any  results  of  heating  obtained  for  the  metal  of  tbe 
jacket  would  be  true  also  for  that  of  the  trunnion-ring.    Nothing  ^ 
known  about  the  a^^tvou  of  the  metal  under  heat^  and  it  was  tb^oie 
the  object  to  decide  t\i^  lLo\VQ^\\i^^K3;vDL\&\ 
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1.  The  expansion  of  the  metal  per  unit  of  length  (which  is  the  same 
s  that  per  unit  of  circumference)  at  difTerent  temperatures. 

2.  The  degree  of  heat  required  to  produce  a  permanent  set  in  the 
iietal  on  cooling. 

The  specimen  of  the  jacket  before  mentioned  was  a  small  rectangular 
»rism,  whose  dimensions  were:  length,  3.468  inches;  height,  1  inch; 
ridth,  .5  inch. 

It  was  accurately  measured  after  each  heat  with  the  vernier  calipers. 

1.  It  was  first  heated  to  a  strong  black  heat  and  its  length  measured, 
ind  found  to  be  3.49G  inches.  The  total  expansion  at  this  temperature 
Fas  then  3.496  —  3.468=.028.  It  was  then  cooled  down  and  measured, 
nd  found  to  be  3.468  inches,  its  original  length.  Hence,  there  was  no 
ermanent  set  at  this  temperature. 

2.  it  was  then  heated  to  a  blood  red  heat  and  measured,  length,  3.502 
iches;  total  expansion  at  this  temperature,  3.502  — 3.468 =.034  inch, 
t  was  then  cooled  down  and  measured,  and  found  to  have  returned  to 
8  original  length.  Hence,  there  was  no  permanent  set  at  this  tem- 
eratare. 

3.  It  was  then  heated  to  a  cherry  red  and  cooled,  and  its  length  when 
old  was  3.479.  Hence,  its  permanent  set  at  this  temperature  w£^s 
.479-3.468=.011  inch. 

These  experiments  are  not  claimed  to  be  accurate,  as  there  was  no 
leans  of  determining  the  exact  temperature,  but  they  gave  an  indica- 
ion  of  the  beltavior  of  the  metal  under  heat,  and  showed  to  what  point 
'j  could  be  heated  without  injury  in  the  shrinking. 

As  the  black  heat  was  the  one  intended  to  be  used,  its  results  were 

iken  as  a  basis  in  calculating  the  shoulder.    "The  expansion  per  unit 

028 
f  length  at  a  black  heat  is  g'T6g='^^^^7  inch.     Now,if  we  suppose  the 

^o  surfaces  of  contact  to  be  cylinders,  and  that  this  surface  of  contact 

\  midway  between  the  inner  and  outer  surfaces  of  the  jacket  at  the 

>rward  end,  we  shall  have  the  diameter  of  this  surface  of  contact 

^ual  to  the  exterior  diameter  of  the  tube  at  this  point  plus  one  half 

le  thickness  of  the  metal  of  the  jacket  or  equal  to  5.6  +  .95  =  6.55 

iches.    Under  this  supposition,  if  the  metal  of  the  trunnion-ring  be 

icpanded  at  a  black  heat,  this  diameter  will  become  6.55  +  6.55  x 

K)807=6.6028  inches,  and  the  total  expansion  will  be  6.6028—6.55= 

05^8 
1528  inches,  or  for  the  radius  -i_  "    =.0264  inches.    That  is,  the  trun- 

ion-ring  being  so  expanded  will  just  pass  over  a  ring  whose  diameter 

\  6.6028  inches.    This  will  then  be  the  difference  of  radii  between  the 

)rward  and  rear  ends  of  the  shoulder,  neglecting  shrinkage,  and  the 

[loulder  will  taper  from  front  to  rear  (from  y  to  a?'  on  the  jacket)  .0264 

ich  in  a  distance  of  1.25  inches.    Now  before  expansion  the  radius  of 

6  55 
iie  part  x  on  the  trunnion-ring  is  -'- — .=  3.275.     After  expansion  at 

Jj 

black  heat  it  becomes  3.275  +  .0264  =  3.3014  inches,  and  when  thus 
xpanded  it  must  pass  over  the  part  y  on  the  jacket.  Hence  y  must 
ave  a  radius  of  3.3014  inches.    The  radius  of  x  is  3.275  inches. 

This  does  not  allow  for  any  shrinkage  between  the  surfaces  of  contact, 
a  in  cooling  the  parts  come  back  to  their  original  size,  and  x  and  x'  woula 
ave  the  same  radius,  and  also  y  and  y*.  To  give  the  proper  shrinkage, 
nee  x  and  y  are  fixed  by  the  conditions  given,  the  shrinkage  must  be 
btained  by  increasing  x*  and  decreasing  y'  the  proper  amounts 

The  radius  of  x  is  3.275  inches,  the  shrinkage  is  .0015  inch  per  inch  of 
iameter;  heuce,  3.275  +  3.275  x  .0015  =  3.2199  m^iYi^s^fet^Xi'^x^'^ilm^a^ . 
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The  radios  of  y  is  3.3014  inches;  hence^  3.3014  —  3.3014 x  .0015  = 
3.296448  inches  for  the  radius  y'. 

Hence  the  depth  of  the  shoulder  will  be  on  trunnion-ring— 

Bad  y'  =  3.296448 
Bad  X  =  3.275 

0.021448  shoulder 
On  jacket — 

Rad  y  =  3.3014 
Rada;'  =  3.2799 

0.0215  shoulder 

A  depth  of  .02  inch  was  adopted  for  each  shoulder,  and  when  sbmnl 
together  no  difficulty  was  experience<l,  and  a  perfect  joint  was  fonnedtt 
far  as  could  be  observed.  The  joint  between  the  forward  end  of  turn- 
nionring  and  the  sleeve  was  without  any  hook  or  shoulder,  theeuds 
abutting  against  each  other  and  making  a  square  joint^^ 

APPARATUS  USED  IN  SHRINKING  THE  PARTS  TOGETHER. 

The  different  parts  of  this  apparatus  are  shown  in  Plate  XII.  Fig.l 
is  a  casting  shown  in  cross  section  in  1  a.  It  rests  on  two  T  rails,  sbotii 
at  a  a.  It  is  bored  out  at  h  for  the  tube  to  drop  through,  c  c  are  Injfs, 
which  are  bored  out  concentric  with  the  hole  6,  and  of  a  diameter  equal 
to  that  of  the  exterior  of  the  jacket.  A  cast-iron  ring  (Figs.  2  aii(l2A) 
fits  against  the  surface  8  s  (Figs.  1  and  la),  and  on  it  tlie  jacket  rests, 
shoulder  down,  when  heated  for  shrinking.  Plate  XIII  shows  the  jadet 
in  the  jmsition  described,  d  d  (Fig.  1,  Plate  XII)  are  holes  iu  the 
lugs  of  the  casting,  through  which  pass  the  jointed  bolts,  one  of  which 
is  hhown  in  Fig.  4.  Figs.  3  and  3a  is  a  casting  which  rests  on  the  rear 
end  of  the  tube  when  it  is  swung  into  position  for  dropping  throagh 
jacket,  trunnion-ring,  and  sleeve,  d  d  are  holes  for  the  screw-lwlts, 
shown  in  Fig.  4;  6  is  bored  out  for  the  reception  of  a  cast-iron  pin?, 
shown  in  Plate  XIII  at  a.  This  cast-iron  plug  enters  the  hole  b  suffi- 
ciently to  be  centered,  and  at  the  other  end  it  enters  the  tube  for  a  short 
distance.  The  exterior  diameter  of  this  plug  is  such  that  it  will  enter 
freely  the  rear  of  the  jacket  and  force  the  tube  into  place  against  the 
shoulder  on  the  jacket.  This  position  is  shown  at  a  (Plate  XIV).  The 
interior  of  the  plug  is  hollow,  to  allow  the  passage  of  the  wroughtiroo 
rod6(PlateXIII).  Fig.4,  PlateXlI,isajoiiitt*d  bolt  of  wrought  iron,  tvo 
of  them  being  used  iu  the  shrinking.  Theupper  joint  has  a  screw  thread 
cut  on  it,  and  a  nut  resting  against  the  upper  surface  ot  the  holes  dd\n 
the  casting  Figs.  3  and  3a.  The  two  ser.tions  of  the  bolt  are  joined 
together  with  heavy  iron  ])in8  at  a.  Fig.  4,  which  can  be  readily  remored, 
ami  the  rods  disconnected  at  this  point.  Figs.  5  and  5a  are  two  cbao- 
nel  bars,  each  having  two  holes,  through  which  the  bolts.  Fig.  4,  ]>ai* 
The  jiosition  of  these  bars  is  shown  at  c,  Plate  XIII.  d,  Plate  XlU, 
is  a  lire  pot  made  of  boiler  iron,  in  two  sections,  so  that  the  top  canb« 
removed  and  the  height  decreased  for  the  trunnion  ring  and  sleevt 
Fig.  6,  Plate  XII,  is  a  gas  collar,  rn^eil  ior  keeping  up  the  heat  afttf 
the  lire  is  ninoved,  and  Fig.  7  a  wattT  collar  used  lor  cooling  the  ])ar3 
after  they  are  in  ]ilace.  Ihese  ariangements  were  suggested  hyU'^- 
John  Allen,  the  workman  in  charge,  and  the  jointed  screw-bolts,  which 
made  a  tight  joint  possible,  by  Mr.  U.  P.  Elwt*ll. 

Shrinking  the  parts, — The  [>arts  having  been  finished,  as  before  d^ 
scribed,  and  accuiately  measured,  an<l  the  tube  star-gauged,  the  parts 
were  next  slituuk  tog^V^iei.    TVi\»  ^^^s*  done  iu  the  arsenal  fouuiUyj 
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tliere  was  a  shrinkiu^i^  pit  there  and  other  conveniences.  The  chassis 
a  10-inch  carriage  was  stripped  of  its  traverse,  wheels,  &c.,  and  placed 
ross  the  top  of  the  pit,  as  shown  in  Plate  XIII  at  e  e.  Across  this  at 
jht  angles  were  laid  the  T-rails  g  /7,  which  were  held  together  by  two 
>8s-bolts.^  On  these  Trails  was  laid  the  casting,  as  shown  in  Figs.  1 
d  lA,  Plate  XII.  Under  the  Trails  were  placed  the  channel-bars 
,  Plate  XIII,  and  through  the  holes  in  these  and  the  holes  in  the  lags 
tbe  casting.  Fig.  1,  Plate  XII,  passed  the  lower  section  of  the  bolts 
own  at  k  k,  Plate  XIII.    These  bolts  rested  on  the  shoulders  b  (Fig. 

Plate  XII),  which  bore  against  the  upper  faces  of  the  casting,  and 
ire  held  underneath  by  their  nuts  c  c  (Plate  XIII).  These  channel- 
rs  were  used,  as  it  was  feared  the  heat  might  crack  the  large  casting, 
g.  1,  Plate  XII.  Eesting  on  the  Trails  is  the  fire- pot  d  (Plate  XIII). 
temporary  grate  was  made  by  laying  iron  bars  across  the  rails.  The 
5ket  was  placed  in  the  position  shown  in  Plate  XIII,  shoulder  down, 
d  the  wood  (dry  pine)  piled  around  it  and  placed  inside  the  bore. 
A  long  wrought-iron  rod  was  passed  through  the  tube,  as  shown  in 
ate  XIII,  having  a  hook  at  the  rear  end.    This  rod  passed  through 

iron  washer  and  a  wooden  plug  at  the  muzzle  and  through  a  wooden 
ng  at  the  breech.  The  cast-iron  plug  a  was  them  inserted  in  the 
M^ch,  and  at  the  other  end  into  its  recess  in  the  cross-head  x.  The 
readed  sections  of  the  screw-bolts  were  put  in  place  as  shown. 
The  tube  was  swung  by  a  traveling  crane  with  a  stop,  so  arranged 
it  the  tube  could  be  brought  vertically  over  its  jacket,  and  when  the 
ter  was  suflSciently  expanded  by  heat  the  tube  could  be  lowered  rap- 
y  through  the  jacket  into  its  place.  The  length  of  the  screw-bolts 
8  so  arranged  that,  when  the  tube  dropped  into  its  place,  the  jaws  1 1 
uld  be  in  the  proper  position  for  the  Insertion  of  the  heavy  pin  join- 
^  them  together.  It  will  be  seen  from  the  plat^  that  the  lower  sec- 
ns  of  the  bolts  are  in  the  fire-pot  and  surrounded  by  the  fuel,  and 
jy,  of  course,  expand  as  they  become  heated. 

iiVhen  the  jacket  or  other  part  has  been  expanded  sufficiently,  the 
5-pot  is  lifted  by  its  handles  and  thrown  oft',  the  fire  knocked  away, 
1  the  interior  of  the  jacket,  &c.,  brushed  out  quickly,  to  clear  away  any 
les  or  dirt  that  may  have  accumulated.  The  tube  is  then  swung  round 
o  position  and  lowered  quickly,  the  plug  a  entering  the  interior  of  the 
ket,  and  the  tube  coming  up  to  its  shoulder  under  the  action  of  its  own 
ight  and  that  of  the  cross-head  and  screw-bolts.  The  jaws  of  the 
ew-bolts  then  come  into  their  proper  positions,  and  the  pins  are  in- 
ted,  holding  the  sections  together.  In  shrinking  on  the  jacket  these 
■ew-bolts  were  not  required,  as  the  weight  of  the  tube  and  cross-head 
8  sufficient  to  bring  the  tube  up  to  a  shoulder.  A  mark  was  made  on 
5  tube  .05  inch  in  front  of  the  forward  end  of  the  jacket  when  in  place, 
d  it  was  found  by  measuring  from  this  mark  after  shrinkage  that  the 
)uldfirs  on  the  tube  and  jacket  were  in  their  exact  position. 
The  position  of  the  jacket  and  tube  before  shrinking  is  shown  in 
»te  XIII.  The  jacket  having  been  expanded  .01  inch  beyond  the  cor- 
iponding  dimensions  of  the  tube,  the  fire-pot  d  is  removed,  as  explained, 
3  fire  knocked  away,  the  jacket  cleaned  out,  and  the  tube,  having  been 
ung  round  into  the  position  shown,  is  lowered  quickly  into  place, 
e  water  collar  having  been*  previously  slipped  over  the  jacket,  the 
ter  is  allowed  to  cool  gradually,  and  finally  the  water  is  turned  on. 
e  time  required  to  heat  the  jacket  to  the  proper  degree  of  expansion 
iS  one  hour  and  two  minutes.  Measuring  screws  attached  to  a  wood 
ndle,  as  previously  described,  were  used  in  ascertaining  when  the 
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proper  de^ee  of  expansion  was  reached.    A  black  heat  was  foond  to  be 
sufficient. 

After  the  jacket  was  shrunk  in  place,  the  tube  and  jacket  were  hoisted 
up  and  the  trunniou-rin^  placed  in  position  in  the  fire-pot,  as  shown  in 
Plate  XIV.  The  top  section  of  the  fire- pot  was  removed,  and  the  fire 
kindled.  Time  required  to  heat  up  trunnion-ring  was  forty-five  minotes. 
The  measurements  were  made  as  before.  When  sufficiently  expanded 
the  fire-pot  was  removed,  the  tube  and  jacket  swung  round  and  lowered, 
as  shown  in  Plate  XIV.  The  length  of  the  screw-lx)lt8  was  so  arrang|ed 
that,  when  lowered  into  position,  the  pins  b  b  (Plate  XLV)  could  be  in- 
erted  as  shown. 

The  lower  section  of  the  bolts  c  c  being  heated  and  expanded  as 
soon  afi  the  pins  b  b  were  inserted,  the  nuts  d  d  were  screwed  tighdy 
home.  The  sections  c  c  were  then  cooled  off  quickly  while  the  tnnnion- 
ring  was  still  hot,  and  the  result  was  a  perfect  joint  between  the  jacket 
and  trunnion-ring.  For  the  sleeve  the  process  was  identical,  the  only 
change  necessary  being  in  the  length  of  the  screw-bolts,  and  an  equally 
tight  joint  was  obtained. 

Time  required  to  heat  up  sleeve,  twenty -five  minutes,  A  play  of  aboot 
.01  inch  was  allowed  in  expansion  above  the  dimensions  of  the  com- 
sponding  parts. 

This  arrangement  of  the  bolts,  simple  as  it  is,  ha«  answered  the  pur- 
pose for  which  it  was  intended  perfectly  and  secured  a  ]>erfect  joint, 
which  is  not  always  attainable  in  shrinking. 

After  the  parts  were  shrunk  together,  tlie  gun  was  removed  to  tbe 
shop,  the  exterior  of  the  jacket  turned  to  dimensions,  except  a  narrow 
ring  at  the  rear  end,  which  was  used  as  a  bearing  in  cutting  the  thread 
for  the  base-ring,  the  sleeve  was  finished,  the  key-ring  put  on,  the  tnbe 
bored  up  to  3.2  inches,  and  the  gun  placed  in  the  rifling  machiDe. 
Previous  to  this  the  bore  was  accurately  measured  with  the  star  gauge. 
The  measurements  are  given  in  Table  ^N'o.  2. 

The  defect  in  the  metal  of  the  tube,  which  was  shown  in  the  first 
boring  about  2  feet  from  the  muzzle,  became  very  apparent  during  the 
rifling. 

A  bur  was  thrown  u])  on  the  edges  of  the  lands  by  the  action  of  the 
rifling  tool  and  a  reamer  was  made  for  removing  it  in  preference  to  lap- 
ping, as  it  was  feared  the  latter  process  would  cut  off  the  sharp  driving 
edges  of  the  lands  which  it  was  desired  to  preserve.  This  reamer  is  i 
cylinder  of  steel,  fitting  the  bore  accurately  and  having  one  of  its  ends 
beveled  slightly  and  containing  the  cutters.  The  reamer  was  polled 
through  the  bore  and  turned  on  its  axis,  at  the  same  time  removiogthe 
bur  and  leaving  a  smooth,  sharp  edge  on  the  land. 

After  the  rifling  the  shot  chamber  was  bored  and  the  powder  chaa- 
ber  finished.    For  boring  the  shot  chamber  a  bar  was  made,  Plate  li 
Figs.  5,  6a,  56,  having  a  cutter  the  exact  siiape  of  the  chamber.    This 
bar  was  centered  in  the  bore  by  the  front  bearing  a  (Fig.  5)  resting  in 
a  castiron  ling  placed  in  the  rear  end  of  the  tube  at  the  entrancerf 
the  chamber.    The  screw  thread  was  then  cut  on  the  interior  ot  jacket, 
for  the  reception  of  the  base-ring,  the  latter  threaded  and  shrunk  iDtt> 
place.    The  necessary  expansion  for  this  purpose  was  obtained  by  in- 
serting a  piece  of  hot  iron  in  the  rear  of  the  jacket  for  a  short  time.  B* 
principal  object  of  the  shrinkage  here  was  to  secure  a  longitudinal  coa- 
traction  of  the  jacket,  and  a  close  joint  in  consequence  between  thewtf 
end  of  the  tube  and  the  corresjionding  face  of  the  base-ring.    The  thresh 
on  the  interior  of  the  base-ring  was  cut  and  its  alternate  sectors  pl^wd 
off  before  its  msettAoii  \w  Wi^  V^<^kftX»,    TUe  time  required  to  finish  exte- 
rior of  gun  waa  t\9eut^-^x^  (i«L^'^Qll^\^\Aiw«^^^*3a.^^\5Kk\^ 
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ployed.  After  fiuisb  turning  on  the  exterior,  the  gun  was  filed  and  its  ex- 
terior completed.  The  lug  for  the  hinge  of  carrier  ring  was  then  cat  out 
at  the  rear  of  the  jacket.  For  this  purpose  the  gun  was  placed  in  the 
shaping  machine,  muzzle  down,  a  hole  being  cut  in  the  shop  floor  to  al- 
low muzzle  to  drop  through,  the  gun  being  sui>ported  by  a  heav^'  iron 
ring,  which  rested  on  the  bed  of  the  shaping  machine,  the  muzzle  drop- 
ping down  through  the  bed.  The  lug  was  finished  in  this  machine, 
with  the  exception  of  a  little  filing  to  fit  it  to  the  carrier-ring. 

Work  on  the  breech  mechanism. — The  copper  bushing  for  the  forward 
end  of  the  vent  was  insei-ted  and  pressed  into  place  under  the  screw 
press.  The  work  on  the  difi'erent  parts  of  the  breech  mechanism  pre- 
sents nothing  worthy  of  remark. 

The  time  required  to  finish  it  was  about  sixty  days  of  eight  hours  each, 
two  first-class  machinists  and  one  or  two  helpers  being  employed. 

CHAItGES  MADE  IN  THE   GUN  DURING  MANUFACTURE. 

The  principal  changes  made  in  the  gun  are  shown  in  Plate  XT,  Fig. 
ly  showing  the  gun  as  originally  designed,  and  Fig.  2  as  altered }  the 
other  figures  giving  the  details  of  the  alterations. 

In  Fig.  1  it  will  be  observed  that  there  is  a  small  key- ring  in  front  of 
the  trunnion-ring,  shown  in  detail  in  Fig.  6.  This  was  removed,  as  it 
was  thought  it  weakened  the  tub^,  and  the  sleeve  was  made  as  shown 
in  Figs.  2  and  6«,  a  key-ring  being  screwed  on  in  front  of  sleeve.  Two 
advantages  are  claimed  for  this :  first,  the  tube  is  not  cut  into  and  weak- 
ened ;  and  second,  the  key-ring,  extending  further  to  the  front,  increases 
the  strength  of  the  tube,  and  it  is  thought  that  it  adds  to  the  finish  of 
the  gun  on  the  exterior.  This  change  was  made  at  the  suggestion  of  the 
commanding  officer,  as  also  that  represented  in  Figs.  5  and  oa,  the 
form  of  the  bhoulder  between  jacket  and  trunnion-ring. 

Figs.  4  and  4a  show,  the  first  the  original  and  the  second  the  fin- 
ished form  of  shot  chamber.  The  change  was  rendered  necessary  by  a 
change  in  the  form  of  the  copper  band  on  projectile.  As  originally  de- 
signed it  was  snitable  for  a  band  like  that  on  the  Hotchkiss  projectile, 
but  a  change  to  a  band  of  rectangular  cross-section  necessitated  the 
form  shown  in  Fig.  4a. 

Fig.  3  shows  the  V-  shaped  thread  as  originally  designed,  connecting 
the  base-ring  and  jacket.  This  was  changed  to  the  shape  shown  in 
Fig.  3a,  in  onler  that  the  strain  on  the  rear  of  jacket,  under  the  action 
of  the  powder,  might  be  parallel  to  the  axis,  instead  of  oblique  to  it, 
as  in  Fig.  3. 

When  first  designed  it  was  the  intention  to  force  the  parts  of  the  gun 
into  place  by  pressure  in  the  testing  machine.  In  consequence  the 
jacket,  trunnion-ring,  and  sleeve  were  to  be  slightly  tapering  on  the  in- 
terior. When  the  plan  was  changed,  and  it  was  decided  to  shrink  the 
parts  together,  this  taper  was  no  longer  necessary,  and  a  change  was 
therefore  made  in  the  design  of  the  parts.  The  tube  under  the  sleeve 
was  increased  in  thickness  at  the  forward  end  .02  inch,  and  a  very  slight 
addition  was  made  to  the  thickness  of  the  jacket  at  the  front  and  rear, 
to  compensate  for  this  increase  in  weight.  The  sleeve  also  was  slightly 
increased  in  thickness,  as  shown  in  drawing. 

Two  stay- pins  were  inserted,  one  in  the  key-ring  at  its  junction  with 
the  sleeve,  and  the  other  in  base-ring,  to  prevent  any  turning. 

It  was  found  in  fitting  the  carrier-ring  into  fRace  that  the  shape  of 
the  jacket  near  the  hinge  was  such  that  the  carrier-ring  would  not  swing 
freely,  and  this  shape  was  slightly  altered  by  chipping  and  filing.  The 
position  of  this  hinge  and  its  projection  beyond  the  exterior  of  tk^  ^vs^k&t 
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caused  a  great  deal  of  unnecessary  work  in  cutting  it  out,  and  it  ii 
thought  that  its  position  in  future  constructions  can  be  changed,  80  as 
to  give  a  better  fit  to  .carrier-ring  and  less  work  in  cutting  and  shaping 
it  Important  changes  were  made  in  the  breech  mechanism,  and  were 
all  suggested  by  Mr.  John  Allen,  an  experienced  workman.    They  are; 

First.  A  change  in  the  shape  of  the  rear  portion  of  the  breech-plag, 
by  which  it  is  left  with  a  full  thread,  and  fits  into  the  carrier-ring  accu- 
rately, closing  up  the  openings  in  the  screw-threads  and  keeping  out 
dust  and  dampness  from  the  parts  of  the  mechanism. 

Second.  A  corresponding  change  in  the  carrier-ring,  removing  the 
stops  from  the  exterior  surface  and  placing  them  inside,  and  thereby 
simplifying  the  construction  and  giving  a  plane  surface  to  the  exterior 
face  of  carrier-ring.  ' 

Third.  A  change  in  the  method  of  locking  the  carrier-ring  to  the 
jacket,  substituting  the  pin  and  spring  already  described  for  the  lock- 
ing catch  used  in  the  De  Bange  system,  the  pin  being  more  simple  and 
requiring  less  work  to  fit  it. 

Fourth.  Giving  a  slight  taper  to  the  gas  check  and  its  seat,  in  order 
that  it  may  be  ground  to  an  accurate  fit. 

Fifth.  Changing  the  shape  of  front  edges  of  head  of  lever  handle, 
and  of  its  corresponding  recess  in  carrier-ring,  in  order  to  correct  any 
tendency  of  breech-plug  to  move  beyond  its  proper  position  after  firing, 
as  before  explained. 

Sixth.  Omitting  collars  at  the  ends  of  hinge-pin,  which  would  have 
necessitated  cutting  away  the  metal  of  jacket,  and  substituting  therefor 
two  stay  pins,  which  hold  the  hinge-pin  in  place. 

An  examination  of  Table  No.  1  will  show  the  care  with  which  the 
work  was  done,  and  how  small  the  variations  are  from  the  dimensions 
given  in  the  drawing. 

In  Table  No.  2  is  shown  the  actual  contractions  of  the  tube  after  the 
shrinking  on  of  the  jacket,  trunnion-band,  and  sleeve.  Two  diamet^ 
were  measured,  one  through  the  plane  of  the  axis  of  the  trunnions  and 
the  other  at  right  angles  to  this  plane.  Each  series  was  measured  twice, 
and  the  figures,  given  are  the  means  of  the  measurements.  These  metf^ 
urements  differed  very  slightly  from  each  other,  and  it  is  beUeved  thai 
they  are  accurate.  It  will  be  seen  from  the  table  that  the  contraction 
is  greatest  for  that  portion  of  the  tube  in  rear  of  the  shoulder  and  at 
the  front  end  of  powder  chamber,  or  where  the  metal  of  the  tube  is  bored 
out  and  the  jacket  thick.  Again,  it  will  be  noticed  that  the  contractio« 
of  the  tube  under  the  trunnion-ring,  in  the  plane  through  the  axis  of 
the  trunnions,  is  much  greater  than  that  in  the  plane  at  right  angles  to 
that  plane ;  twice  as  great  by  measurement.  The  plane  through  the 
axis  of  trunnions  contains  a  greater  thickness  of  metal,  the  trunnion^ 
rimbases,  &c.,  and  hence  its  contractile  force  in  cooling  is  greater. 

The  results  of  these  measurements  would  seem  to  indicate  that  in  ft* 
ture  constructions  the  parts  to  be  shrunk  on  should  be  turned  as  nearly 
to  finished  dimensions  as  possible,  tor  in  the  case  of  the  jacket,  whick 
was  left  cylindrical  on  the  exterior,  the  resulting  contraction  is  too 
great,  as  is  seen  from  the  table. 

The  irregularity  in  the  contraction  of  the  trunnion-ring  cannot  wd 
be  avoided,  as  it  would  be  very  difficult  to  finish  it  after  shrinkage,  to' 
would  necessitate  extra  labor  and  cost. 

Eespectfully  submitted. 

LAWRENCE  L.  BRUFF, 
Lieutenant  of  Ordnance^  in  charge  ofg^ 

To  the  OoMM^Ai^DraQr  Oi^^icie^ib^^ 

Wotertowa  AT%etwx\^  l^aw. 
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List  of  plant  and  tools  made  and  purchased  for  the  construction  of  the  3.2-tno^  gun. 

Made  at  Arsenal. 

Fitting  up  shot  lathes  for  boring  and  rifling  tube : 

One  piercing  tool. 

Forging,  tnrning.  and  planing  tool  and  bar. 

Forging  and  turning  cntter. 

One  boring-bar  for  boring  jacket. 

Forging  and  tnrning  bar. 

Turning  and  cutting  feed-screw. 

Planing  slot  for  feed-screw. 

Forging,  fitting,  and  turning  cntter-head. 

Forging,  turning,  and  cutting  gears. 

Making  cutters. 

Fitting  collars  and  nut  for  feed-screw. 
Three  wood  reamers : 

Forging  and  turning  reamers. 

Fitting  and  turning  wood. 

Planing  slots  for  cutters. 

Forging,  fitting,  and  turning  cutters. 
One  boring  and  rifling  machine : 

Making  steel  spindle  for  clutch. 

Boring  out  same  for  feed-screw. 

Making  patterns  and  casting  gears. 

Making  patterns  and  casting  gear-frame. 

Making  patterns  and  casting  following-rest. 

Boring  and  planing  bearing  of  following-rest. 

Making  pattern  and  casting  box-bearing  for  screw  in  following-rest,  boring-ma- 
chine. 

Making  pattern  and  casting  box  bearing  for  screw  in  following-rest,  rifling-ma- 
chine. 

Fitting  these  bearings. 

Making  pattern  and  casting  sliding  head. 

Boring  and  planing  bearings  of  same. 

Making  pattern  for  bronze  nut,  feed-screw,  boring-machine. 

Casting,  tapping,  finishing,  and  fitting  same  in  bearing  in  sliding-head. 

Making  pattern  for  bronze  nut,  feed-screw,  rifling-machine. 

Casting,  tapping,  finishing,  and  fitting  same  in  bearing  in  sliding-head. 

Making  pattern  and  casting  for  bearing  of  boring-bar  in  sliding-head. 

Making  same  for  bearing  for  rifling- bar  in  sliding-head. 

Planing  and  fitting  these  bearings. 

Tnrning  and  finishing  pipe  for  boring-bar  and  cutting  key-way  in  same. 

Turning  and  finishin;^  pipe  for  rifling-bar. 

Pntting  in  and  finishing  forging  at  front  end  of  rifling-bar. 

Tnrning  and  cntting  feed-screw,  boring-machine. 

Turning  and  cutting  driving-screw,  rifling-machine. 

Turning  and  finishing  spline-shaft. 

Making  pattern,  casting,  and  boring  bearings  for  spline-shaft. 

Making  pattern,  casting,  boring,  and  fitting  front  bearing  for  boring-bar. 

Making  pattern,  casting,  boring,  and  fitting  front  bearing  for  rifling-bar. 

Boring  and  fitting  rests  for  tube  on  boring  and  rifling. 

Making  shipping  rods  and  levers,  rifling-machine. 

Tnrning,  boring,  drilling,  and  fitting  index-plate,  rifling- machine. 

Forging,  turning,  and  shrinking  one  wrought-iron  collar  on  rear  of  rifling-bar. 

Forging,  tnrning,  and  threading  steel  pin  and  bnshing  for  gear  next  to  index- 
plate. 

The  gears  for  the  rifling-machine  were  cut  by  Pratt  and  Whitney. 
One  nfling-head : 

For^injT  the  head. 

Boring  interior. 

Tnrning  exterior,  planing  out  slots  for  bearings. 

Fitting  beari.igs. 

Making  pattern  and  casting,  planing,  filing,  and  fitting  front  bronze  bearing. 

Forging,  turning,  and  planing  sliding  steel  pin. 

Planing  slot  for  sliding-piece  carrying  cutter. 

Making  sliding-piece  for  cutter. 

Threading  front  of  steel  sliding  pin. 

Making  bearing-nut  for  sliding-pin. 

Making  cutters. 
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One  tool  for  boring  shot-chamber: 

Forging  and  turning  tool. 

Planing  slots  for  oatters. 

Forging,  turning,  and  fitting  oatters. 

Making  cast-iron  bearing-ring. 
Apparatus  for  turning  outside  of  jacket  and  the  powder-chamber : 

Making  patterns,  casting,  planing,  and  finishing  three  cast-iron  pieces  for  frtm- 
work. 

Making  pattern,  casting,  boring,  finishing,  and  fitting  one  tool-holder. 

Forging,  turning,  and  slotting  one  boring-bar. 

Making  and  fitting  cutter. 

Planing  and  finishing  two  steel  formers. 

Making  lug  and  attachments  for  regulating  feed. 
Shrinking  apparatus: 

Making  pattern  and  casting  for  rest  for  jacket,  trunnion  ring,  and  sleeTe. 

Making  jacket  for  cross-head. 

Boring  and  planing  these  castings. 

Forging  jointed  bolts,  jaws,  and  pins. 

Threading  same. 

Making  gas  and  water  collars. 

Making  long  rod  passing  through  gun. 

Making  fire-pot  (boiler  iron). 

SMAIiL  TOOLS. 


tap,  If  inches. 

tap,  2  inches. 

tap,  .65  inches. 

tap,  .7  inch. 

tap,  f  inch. 

tap,  .5  inch. 

tap,  .5  inch. 

milling- tool  for  recess  in  carrier-ring. 

drill-socket. 

holder  for  drilling  cutters  for  piercing- 
tool. 

die,  i -inch. 

drill,  .6-inch.  . 

taper  reamer  for  index-plate  rifling-ma- 
chine. 

taper  drill  for  index-plate. 

counterbore  .7  inch  by  1.3  inches  for  hole 
in  bieech-plug. 

taper  countersink,  for  screws  in  stops 
carrier-ring. 

counterbore,  .6  inch  by  1.1  inches. 

wrench  for  turning  index-plate  rifling- 
machine. 

bur-reamer,  ^  inch. 

countersink,  i  by  |  inch. 

countersink,  I  by  j  inch. 

countersink,  i  by  .65  inch. 

countersink,  .3  by  .65  inch. 

bur-reamer,  .65  inch. 

countersink,  ^  by  .65  inch. 

countersink,  i  by  .7  inch. 

bur-reamer,  .4  inch. 

bur-reamer,  .55  inch. 

bur-reamer,  .5  inch. 

cutter-bar  and  cutter  for  hole  in  breech- 
plug. 

taper  reamer  for  stay-pins  in  carrier- 
ring. 

twist-drill,  .4  inch. 

2  broaches  for  rifling-head. 

3  arbors  for  rifling-head. 

3  screw-arbors  for  rifling-head. 

2  drills  for  stay  pins  for   base-ring  and 

screw-collar, 
1  bottoming  drill  id'hoVeioT  \&\>0[i-Y^xi\xi 

jacket. 


1  screw-socket. 

1  centering-punch. 

I  cast-iron  ring  for  f^aidea  in  filing  tni- 

nion. 
4  cutters  for  boring-bar  for  jacket. 
1  3.2-inch  bur-reamer  for  cleaning  off  bun 

ou  lands  after  rifling. 

4  cutters  for  piercing-tool. 
6  cutters  for  rifling-head. 

6  cutters  for  wood  reamers. 
1  plug  arbor,  3  inches. 

5  plug  arbors  for  turning  tnbe. 

1  arbor  for  breech-plug. 

2  csist-iron  washers,  ^  and  ^  inch  thick,  fbr 

fitting  base-ring. 
2  w>ng-arbors  for  turning  jacket. 
1  screw-plug  arbor  for  turning  baae-riBg. 

1  arbor  for  turning  carrier-ring. 

2  cast-iron  washers  for  gaides  m  planing 

ofi*  trunnion  bands. 
1  steel  arbor,  .65  inch. 
1  chuck-ring  for  holding  tube  in  tnmiiif 

and  boring. 
1  following-rest  for   cutting   screws  kc 

boring  and  rifling  machine. 
1  former  for  spacing  index- plate  rifliBf* 

machine. 
1  socket  for  wood  reamer. 
1  cast-iron  collar  for  securing   on  kej- 

ring. 

3  snap-gauges,  from  3  to  10  inches. 

1  strap-rest  for  piercing-tool. 
3  lathe-straps. 

2  hook-bolts  for  trunnions. 
8  thread-tools. 

1  arbor  for  breech-plug. 
1  wrench  for  screwing  in  latoh-plag  (••^ 
rier-ring). 

PURCHASSD. 


V 


1  reamer,  j^incb. 

1  reamer,  iVii3<^^* 

1  reamer,  (-inch. 

VT^a.m«r,  ^incb. 
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tamer,  -^Aj-i^ch. 
vainer,  y^inch. 
samer,  <^-inch. 
rill,  f  inch, 
rill,  TV-inch, 
rill,  f-inoh. 
i*illj  "rtj-iuch. 


2  drills,  f -inch. 

1  drill,  ^  inch. 

2  drills,  -fti-inch. 

1  set  taps  and  diesy  i,  i,  I,  f  inch. 

1  universal  die-stock. 

2  tap -wrenches,  stock. 


iLM  No.  1. — Showing  actual  measurenhenta  of  exterior  of  tube  and  interior  of  jacket,  tUiM, 

and  trunnion-ring ^  before  shrinkage. 


JACKET. 


B  O 

• 

*« 

s 

S 

§^ 

'^'O 

5© 

.S  - 

a 

TSS 

•«s 

Distance 
rear  e 
jacket. 

Eiterior 
ter  tu 

Interior 
terjack< 

Inehe§. 

Inehet. 

Inehe*. 

6.6 

6.011 

6.002 

8.6 

6.011 

6.002 

10.6 

6.011 

6.002 

12.6 

6.011 

6. 0015 

14.6 

6.011 

6.0015 

16.6 

6.011 

6.0U1 

18.6 

6.011 

6.001 

20.6     . 

6.010 

6.001 

22.6 

6.010 

6.0015 

*24.6 

6.010 

6.0 

25.6 

5.609 

5.601 

I  26.6 

5.609 

5.601 

27.6 

6.609 

5.601 

t28.45 

5.609 

5. 6008 

^4 

o  u  « 

9^  fl 

o  a 

a 

£8.4 

u  * 

5 

Q 

A4 

Inch. 

Inch. 

Inch. 

1       .009 

.009 

0 

1       .009 

.009 

0 

!       .00f» 

.009 

0 

1       . 0095 

.009 

+.0005 

1      .0095 

.009 

+.0005 

.010 

.009 

+.001 

.010 

.009 

+.001 

.009 

.009 

0 

.0095 

.009 

+.0005 

.010 

.009 

+.001 

.008 

.0084 

-.0004 

.008 

.0084 

-.0004 

1      .008 

.0084 

-.0004 

.0082 

.0084 

-.0002 

TRUNNION-RING. 


29.45 

5.609 

5.6 

.009 

.0084 

+.0006 

30.45 

5.609 

5.6 

.009 

.0084 

+.0006 

31.45 

5.609 

5.6008 

.0082 

.0084 

-.0002 

32.45 

5.609 

5.601 

.008 

.0084 

-.0004 

33.45 

5.61 

5.6015 

.0095 

.0084 

+.0011 

:3i.  45 

5.61 

5.6018 

.0092 

.0084 

+.0008 

5.6i 

5. 6018 

.0092 

.0084 

+.0008 

SLEEVE. 


46.0 

6.607 

5.598 

48 

6.606 

5.598 

50 

5.606 

5. 598 

52 

5.606 

5.598 

54 

5.607 

5.598 

56 

5.608 

5.599 

58 

5.608 

5.599 

^59 

5.608 

5.6 

*  Shoulder. 

t  Front  of  jacket. 


.009 

.0084 

+.0006 

.008 

.0084 

-.0004 

.008 

.0084 

-.0004 

.008 

.0084 

-.0004 

.009 

.0084 

+.0006 

.009 

.0084 

+.0006 

.009 

.0084 

+.0006 

.008 

.0084 

-.0004 

X  End  of  trnnnion*Ting. 
§  End  of  sleeve. 
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Tablb  No.  2. — Showing  the  meatureaMntt  of  tke  tahe,  with  the  star  gaugCy  before  ludaJU 

ehrinkage,  and  the  actual  contraotiona  due  to  shrinkage. 

JACKET,  REA.B  OF  SHOULDBB. 


1 

Distance  ftrom  rear 
end  of  tnbe. 

Diameters     before 
shrinkage. 

Diameters  throngh 
plane  of  trnnnions 
after  shrinkage. 

Diameters   perpen- 
dicnlar to  plane  of 
trnnnions      after 

shrinkage. 

1 

Actual  contraction. 

1 

Through  trun- 

Perpendicnlar 
to  trunnions. 

Inehu. 
13.9 
14.4 
15.4 
16.4 
17.4 

ia4 

*19.4 

I)iehea. 
3.172 
3.172 
3.172 
3.172 
3.172 
3. 172 
8.172 

Inehet. 
3.166 
3.164 
3.163 
3.160 
8.159 
3.160 
3.164 

Inches. 
3.165 
3.164 
3.163 
3.160 
3.159 
3.159 
3.164 

In^. 

.006 

.008 

.009 

.012 

.013 

.012 

.008 

Inch. 

.007 

.008 

.009 

.012 

.013 

.013 

.008 

JACKET,  FRONT  OF  SHOULDER. 


20.4 

3.172 

8.16() 

3.166 

.006 

.006 

21.4 

3.172 

3.168 

3.168 

.004 

.    .004 

22.4 

3.172 

3.169 

8.169 

.003 

.003 

t23.4 

3.172 

3.169 

3.169 

.003 

.003 

TBUNSriONRING. 


24.4 

3.172 

3.167 

a  170 

.005 

.002 

25.4 

3.172 

3.166 

a  169 

.006 

.003 

26.4 

a  172 

3.166 

a  169 

.006 

.003 

27.4 

3.172 

a  166 

a  169 

.006 

.003 

28.4 

3.172 

3.166 

a  169 

.006 

.003 

29.4 

3.172 

a  168 

a  170 

.004 

.002 

:30.4 

3.172 

a  169 

a  170 

.003 

.002 

SLEEVE. 


31.4 

a  172 

a  170 

a  170 

.002 

.002 

32.4 

a  172 

a  170 

a  170 

.002 

.002 

8a4 

a  172 

a  170 

a  170 

.003 

.002 

34.4 

a  172 

a  171 

a  170 

.001 

.002 

35.4 

a  172 

a  171 

a  170 

.001 

.002 

36.4 

a  172 

a  170 

a  170 

.002 

.002 

37.4 

a  172 

a  170 

a  170 

.002 

.002 

3a4 

a  172 

a  170 

a  170 

.002 

.002 

39.4 

a  172 

a  171 

a  171 

.001 

.001 

40.4 

a  172 

am 

a  171 

.001 

.001 

41.4 

a  172 

a  171 

a  171 

.001 

.001 

42.4 

a  172 

a  171 

a  171 

.001 

.001 

^a4 

a  172 

a  171 

a  171 

.001 

.001 

46.4 

a  172 

a  172 

a  172 

.000 

.000 

• 
• 

Same  to 

Same  to 

Same  to 

musKle. 

muzzle. 

mnzde. 

"  Shoulder  19  inches  fh>m  rear  of  tube. 
tTninuion-ring  begins  22. a*}  inches  from  rear  of  tube. 
i  Trunnion-ring  ends  here ;  sleeve  begins. 
I  Sleeve  ends  here. 
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inspection  and  proof  of  3.2-inc^  B,  L,  BUel  r%fU  No,  1,  experimental^  under  order 

Chief  of  Ordnance, 


Snljoot  of  measarement. 


gnn  (total) , 

bore , 

diameter , 

tube.  ..^ 

iameter  of  tube  for  19  inches  from 

ameter  of  tube  from  19  Inohea  from 
).70  incheii. 

iameter  at  mozzle 

uneter  of  powder  chamber 

powder  chamber 

jacket   ' 

exterior  diameter  of  jacket 

exterior  diameter  of  Jacket 

ueter  from  rear  to  24.60  inches  of 

Deter  for  3.85  inches  from  front  end 

looking  shoulder 

ameter  at  extreme  of  locking  shoal- 

iameter  at  face  of  jacket  of  locking 

ling  diameter  of  recestf  in  trunnion 

trunnion-band 

iameter  of  trunnion-band 

ametdr  of  trunnion-band  (except 
ttcess). 

»f  trunnions 

trunnions 

etween  rim-bases 

»f  rim-bases 

base-ring 

»f  base-nng  outside  of  threads 

meter  of  base-ring  (breech-plug 

treaded  alenirth  of 

eaded  a  lengtu  of 

ileeve 

Iameter  of  slecTe 

Deter  of  sleeve 

key-ring 

Iameter  of  key-ring 

neter  of  screw  threads  of  key-ring 

nrew  threads  of  key-ring 

rew  threads  of  base-ring    

rew  threads  of  breech-plug 

breech-plug  (total) 

>f  breecn-plug  (outside  threads)  . . . 

rifling 

'  grooves 

'  lands 

ands 

Tooves 

Tooves 


Dimensions. 


Prescribed. 


{ 


90.8 
83.2 

9.56 
85.2 

6.009 

6.608 

5.10 
3.8 

10.0 
28.45 

9.56 
•7.80 

6.00 

6.60 

1.25 
6.602 

6.559 

6.5S0 

6.5928 

8.80 

7.60 

5.60 

8.80 
2.80 
9.50 
4.80 
4.00 
6.35 

4.03 

3.80 

4.00 
18.30 

6.60 

5.60 

3.00 

6.50 

5.32 

0.26 

0.25 

0.40 

5.95 

4.47 
71.526 
24 
24 
.1188 

0.30 

0.05 


ActuaL 


90.8 
83.2 

9.56 
85.2 

6.009 

5.608 

5.10 
3.8 

10.0 
28.45 

9.56 

7.60 

6.00 

6.60 

1.25 
6.6021 


Remarks. 


6.559 

6.550 
6.592 
8.80  ' 
7.60 
5.60 

8.80 
2.80 
9.50 
4.80 
4.00 
&35 

4.03 

3.80 

4.00 
13.30 

6.60 

5.60 

3.00 

6.50 

5.82 

0.26 

0.25 

0.40 

5.95 

4.47 
71.525 
24 
24 
.1188 

0.30 

0.05 


Shrinkage  allowed  .0015  inch 
per  inch  of  diameter. 
Do. 


Slliptical,  22.8   inches   mi^or 
axis,  3.8  inches  minor  axis. 


Ex  terior  curved  longitudinally. 
At  front  end. 


Shrinkage  allowed,  .0016  inch 
per  1  inch  of  diam. 


Put  in  under  very  sligh  t  shrink- 
age. 


Diform,  one  turn  in  30  calibers=6o  angle. 
>f  gun,  791  pounds, 
srapoe,  77  pounds. 
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Appendix  34. 


tJSPORT  OF  THE  CONSTRUCTION   OF  FIELD   CABBIAGES  FOB  S.ZINCH 
WROUGHT-IBON    BBEECH-LOADING    BIFLE8    AT    THE    WATER FLIET 
ARSENAL, 

(3  plates.) 

Wateevliet  Arsenal,  N.  Y.,  August  4, 1884. 

As  the  six  metal  carriages  made  at  this  arsenal  for  service  of  the  3.2- 
Qch  lireech-loadiDg  rifles  obtained  by  the  conversion  of  3inch  wrought- 
con  ordnance  rifles  must  be  regarded  at  present  only  as  experimental, 
t  will  be  interesting  to  refer  to  the  steps  that  resulted  in  the  construc- 
iions  that  have  been  given  to  the  service  for  trial. 

HISTORY. 

The  first  metal  field  carriage  made  by  the  Ordnance  Department  and 
inbjected  to  service  with  a  breech-loading  gun  was  that  described  in  the 
Jeiwrt  of  the  Chief  of  Ordnance,  United  States  Army,  for  1880,  page 
^.  The  second  carriage  was  that  described  in  the  Report  of  the  Chief 
tf  Ordnance,  United  States  Army,  for  1881,  page  411. 

The  principal  dift'erence  in  these  carriages  was  in  the  construction  of 
;he  cheeks  and  trail.  In  the  second  carriage  the  steel  plates  used  were 
(tifiened  by  being  flanged  around  their  edges,  whilst  in  the  first  carriage 
;hi8  was  effected  by  angle-iron  riveted  on  the  inside  along  the  edges. 

These  carriages  were  tested  at  the  Sandy  Hook  proving  ground.  The 
listory  of  the  second  carriage  is  as  follows: 

tThird  indorsemeut.  ] 

The  Ordnance  Board,  U.  S.  A., 

New  York^  June  28,  1881. 

Kespectfully  returned  to  the  Chief  of  Ordnance,  U.  8.  A. 

The  trial  of  this  carriage  at  the  Sandy  Hook  proving  ground  has  now 
»een  carried  to  a  point  where  the  principal  defects  in  construction  have 
•een  developed,  the  latter  portion  of  the  trial  in  the  presence  of  Col- 
nel  Bufflngton,  commanding  Watervliet  arsenal,  with  whom  the  Board 
onsulted  as  to  the  changes  and  modifications  deemed  advisable  in 
utnre  manufactures. 

The  main  points  of  weakness,  whether  of  material  or  construction, 
.re  found  to  exist  in  the  axle,  side  braces,  wheels,  the  brace  for  elevating 
crew,  and  the  hand-spike  attachment. 

The  Board  would  now  recommend  that  the  carriage,  with  its  limber- 
>ody,  together  with  the  3.20  inch-  B.  L.  rifle  first  turned  over  to  the 
3oaj^,  the  rifling  of  which  was  found  to  be  slightly  defective,  be  seut 
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to  Waterviiet  arsenal  to  be  used,  generally  speaking,  as  a  galde  ( 
basis  in  the  manufacture  of  the  carriages  for  the  3.20-inch  B.  L  rifl 
to  be  issued  for  service. 

The  detailed  report  on  the  gun,  carriage,  projectiles,  powder,  & 
with  copies  of  firing  record  and  plotted  targets,  will  be  forwarded  j 
soon  as  completed. 
For  the  Board.  . 

T.  G.  BAYLOR, 
Lieutenant' Colonel  of  Ordnancey  Senior  Member  Praent, 
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Report  on  3.20'inch  Jield  carriage^  to  accompany  (eleventh  indarsement)  (h 
nance  Office  letter  No.  t)39,  in  accordance  with  tenth  indorsement  then 
of  Chief  of  Ordnance. 

The  carriage  made  at  the  Cold  Spring  foundry,  received  at  Wat 
vliet  arsenal  from  Sandy  Hook,  was  found  to  be  defective  as  specif 
in  third  indorsement  of  the  Ordnance  Board  on  Ordnance  OflBce  let 
No.  939,  and  in  addition,  after  arrival  at  Waterviiet,  the  left  che 
under  side,  was  found  to  be  cracked  through  the  entire  flange  and  jii 
above,  a  defect  that  escaped  notice  at  Sandy  Hook. 

These  defects  about  cover  the  entire  carriage,  and  leave  very  li 
beyond  the  form  and  dimensions  as  a  basis  to  work  upon ;  these  cM)uf4 
generally  to  the  3-iiich  wooden  carriage,  except  that  the  pintle  of  \m 
is  consiilerably  farther  to  the  rear — the  position  and  manner  of  att4 
ment  of  the  limber-box  itself  not  determined.  In  view  of  these  fa 
as  I  have  had  no  experience  to  guide  me,  suggestions  as  to  alteratj 
and  additions  are  made  with  some  diffidence. 

In  arriving  at  the  conclusions  on  which  these  are  based  I  have  had 
help  and  suggestions  of  the  assistant  officers  of  this  arsenal;  have 
cus8ed  with  them  the  subject  in  detail;  have  embodied,  so  far  as  kn 
and  other  conditions  will  allow,  the  views  of  the  Light  Artillery  Bo 
which  visited  this  arsenal  and  examined  the  carriage  with  me;  li 
also  availed  myself  of  advice  and  views  of  a  member,  Col.  E.  R  Wi 
ton,  of  said  Board,  now  present  (since)  at  the  arsenal. 

I,  at  lirst,  deemed  it  necessary  to  apply  to  this  carriage  some  de 
for  relieving  it  of  the  initial  shock  of  recoil,  but  nothing  comprising 
simplicity,  efficiency,  and  durability  necessary  for  our  service  has 
curred  to  me — the  devices  of  the  Englehardt  and  Gruson  (Albini) 
riages  not,  in  my  judgment,  meeting  the  necessities  of  the  case;  at  I 
such  constructions  should  not  be  resorted  to  until  it  is  shown  th 
liaht  axle  cannot  be  made  strong  enou&rh. 
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»trriage,  namely,  sheets  of  steel  cat  to  form  aud  then  flan<red,  with  this 
1  inference,  Krupp's  are  flanged  by  heating  each  plate  as  a  whole  and 
it^riking  np  the  flange  in  a  die — one  operation ;  whereas  the  plates  of 
:liis  carriage  have  been  heated  part  at  a  time  and  hammered  over  by 
i.£indy  a  costly  and  unsatisfactory  operation  attended  by  more  or  less  in- 
ia.ry  to  the  metal ;  to  this  mode  of  fabrication  may  be  attributed  the  crack 
i<:ros8  the  flange  above  referred  to.  Riveting  angle-irons  to  plane-plates 
^'as  tried  in  the  first  carriage  made — the  one  atWatervliet  arsenal  being 
ilne  second  one— but  the  product  was  found  too  heavy. 
'^Therefore,  without  considering  the  crack  as  an  evidence  of  weakness, 
Out  fault  of  construction,  not  having  the  plant  necessary  to  form  the 
Singes  as  Krupp's  are,  resort  must  be  ha<l  to  some  form  that  will  give 
blie  necessary  strength  and  lightness — less  cost  following  as  a  result  of 
blie  mode  of  construction. 

I  have  learned  that  although  the  Department  allowed  bat  $800  to 
Idc  paid  the  West  Point  foundry  the  two  carriages  made  there  cost 
aoibont  il,200  each.    For  the  cheeks  and  trail-plates  it  is  proposed  to 
^se  about  ^-inch  steel  plates  of  similar  form,  without  flanges,  except  for 
^  short  distance  in  vicinity  of  trunnion-beds  on  top  and  axle  on  the 
\>ottom — short  angle-irons  replacing  flanges  in  front — the  remainder  to 
"within  a  short  distance  of  these  flanges,  to  be,  in  cross-section,  a  seg- 
ment of  a  circle,  whose  radius  would  about  equal  one  described,  with 
its  center  on  a  perpendicular  to  center  of  cross'section  at  any  point,  to 
take  in  this  center  and  the  two  end  points  of  flanges  of  corresponding 
cross-section  of  present  carriage  thus,  [ — .    For  the  idea  of  curving 
the  plates  I  am  indebted  to  Captain  Varney.    The  double  elevating 
screw  and  its  manner  of  attachment  to  cheeks  is  essentially  the  same 
as  the  Austrian,  page  465,  Plate  IV,  Keport  of  Chief  of  Ordnance  for 
1877.     Without  considering  the  weakness,  as  shown  by  the  breaking 
of  its  attachments,  it  is  objectionable  in  that  it  will  not  permit  the  ele- 
vation, 30O,  desired  by  the  Light  Artillery  Board;  it  is  also  objection- 
able in  that  it  may  be  rendered  unserviceable  by  an  accidental  blow  or 
rifle  shot  on  the  thread,  particularly  of  the  smaller  screw.    For  an  ele- 
vating device  I  propose  a  simple  lever  eyed  to  the  rear  flange  of  axle- 
plates  and  passing  through  a  fixture  attached  to  gun  at  curve  of  breech 
in  rear  of  fermeture,  similar  to  that  used  with  oscillating  and  elevating 
lever  of  Oatling  gun ;  30  or  more  degrees  of  elevation,  if  desired,  can  be 
obtained  in  this  way,  and  the  device  offers  obvious  advantages  in  the 
way  of  cost,  simplicity,  lightness,  aud  ease  of  manufactare.    The  brake 
nsed  is  essentially  the  same  as  the  Prussian,  page  530^  Fig.  40  ( Report. 
of  Chief  of  Ordnance  for  1877).    This  is  objectionable  if  it  is  to  be  used 
for  checking  recoil,  in  that  it  consumes  time  to  apply  and  release  it  in 
action,  the  position  of  the  screw,  being  under  the  gun  in  front,  is  not 
<5onvenient,  and  the  bar  passing  under  the  trail,  far  to  the  rear,  is  in 
the  way  in  the  service  of  the  piece,  particularly  when  limbering  up. 
JB'or.a  brake  for  recoil  and  down  hill,  and  to  serve  as  a  mud  scraper  for 
wheels,  I  propose  an  iron  or  steel  bar  or  rod  eyed  to  the  shoulder  washer 
of  axle  at  one  end,  the  other  end  being  a  flanged  shoe  forged  on  in  suck 
A  way  that  when  the  bar  is  held  up  vertically  (the  position  of  the  eye 
being  on  top  of  axle)  the  shoe  can  be  passed  outwardly  over  the  tire 
and,  when  in  this  position,  the  bar  be  thrown  to  the  front  or  rear — fall- 
ing by  its  own  weight— the  shoe  will  fall  upon  the  tire,  with  flange  out- 
ride, overlapping  it.    After  making  a  part  revelation  the  wheels  by  this 
arrangement  would  be  held  firmly,  the  carriage  sliding  until  recoil  ceases. 
It  would  be  automatic ;  thrown  to  the  rear  in  firing  it  would  break  the 
recoil ;  to  the  rear  on  the  march  it  would  be  a  mud  scraper  for  the  wheel ; 
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Tbe  body  of  limber  to  be  built  Himihirly  to  the  oue  shown iu  Bepo 
Chief  of  Ordnance  for  1877,  Fig^.  39  of  Colonel  Benton's  report,  thepi 
hook  to  be  placed  BR  near  to  the  limber- box  as  possible  cousisteof 
the  conditions  of  its  attachment  to  the  an^leirous  of  the  body.  ' 
position,  it  is  thought,  will  give  an  angle  between  pole  and  trail  i 
ciently  great  to  turn  in  a  small  space  and  relieve,  as  far  as  other  lu 
sary  conditions  will  permit,  the  horses  from  the  weight  of  body  aud 
when  limbered  up. 

The  axle  and  brake  must  be  tested  first,  and  it  is  to  be  regretted 
there  are  not  facilities  at  Watervliet  arsenal  for  firing  at  an  eleva 
To  fire  at  all,  a  sand  butt  must  be  made,  and  as  the  sand  would  ha 
be  hauled  some  distance,  the  cost  would  be  considerable. 

Should  the  pniposed  changes  be  a])proyed,  the  cost,  beyond  tlu 
the  plates  for  the  axle,  would  be  comparatively  little;  provided 
thought  sufficient  to  test  the  axle,  using  the  bnike  independently  o 
body  of  carriage — a  six-])ounder  wooden  stock  and  cheeks  could  l>e 
for  the  test.  Axle  and  brake  once  established,  the  problem  of  mak 
sutficiently  sim])le  and  strong  body  would  not  be  difficnlt. 

liespectlully  submitted. 

A.  R.  BUFFINGTON, 
Lieutmant- Colonel  of  Ordnance^  Commandi 


Report  of  the  trial  of  a  carriage  of  metal  for  3,20'inch  B.  L.  rij 

Watervliet  arsenal^  April ,  1882. 

Twelve  rounds  were  fired  ;  at  the  last  the  carriage  was  rendered 
for  use  by  the  left  trunnion-plate  becoming  detached  from  the  che€ 
the  shearing  oft'  of  the  rivets  that  seiuired  the  plate. 

The  axle  withstood  the  stniin  perfectly,  no  distortion  whatever  I 
perceptible. 

The  brakes  controlled  the  recoil  within  desired  limits;  the  can 
at  some  fires  bounded  from  the  ground  twice,  the  trail  being  at 
pressed  forcibly  into  the  ground,  the  wheels  finally  sliding  several  i 
the  ground  was  loam,  covered  with  sod. 

As  the  trunnion  plate  had  resisted  all  firing  with  the  original  br 
its  failure  with  this  firing  must  have  been  due  to  the  new  brake, 
cap-squares  bent  somewhat  at  each  fire  at  low  elevation.    The  eleva 
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mj  possibly,  being  desired.    Should  any  such  elevation  as  that  be 
ren  to  the  piece,  the  strength  of  the  axle  as  now  constmcted  would 
questionable,  as  the  bracing  is  placed  to  resist  a  horizontal  and  not 
vertical  component  of  pressure. 

A.  MORDEOAI, 
Major  of  Ordnance^  Commanding. 

Watervliet  Arsenal,  April  26,  1882. 


cord  of  firing  with  3.20-incA  B,  L,  rifl^^  to  test  carriage  of  metal  vMtde  under  the  Ckm- 
itructor  of 'Ordnance^  U.  S.  A,  j  for  field  service — carriage  modify  by  Li,  Col.  A,  B.  Buf- 
ihigionf  Ordnance  Department. 
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1 

• 
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[Nineteenth  indorsement.] 

Watervliet  Arsenal,  July  22, 1882. 

Respectfully  returned  to  the  Chief  of  Ordnance,  U.  S.  A. 
After  consultation  with  Lieutenant-Colonel  Buffington  I  am  of  the 
anion  that  his  views,  which  in  my  judgment  are  worthy  of  trial,  can 
\  applied  to  the  carriage  now  at  this  arsenal;  these  features  relate  to 
e  recoil  check  and  the  elevating  apparatus. 

To  obtain  the  elevation  indicated  by  the  Light  Artillery  Board  as  being 
^sirable,  it  will  be  necessary  to  cut  away  part  of  the  angle-iron  along 
e  upper  edge  of  the  cheeks  and  stock;  should  the  carriage  be  weak- 
led  too  much  by  this,  I  propose  to  restore  its  stiffness  by  riveting  pieces 
channel-iron  on  the  exterior  of  the  stock.  The  cheeks  of  the  carriage 
kve  been  warped  by  firing;  they  will  have  to  be  straightened,  and  new 
annion-beds  made;  these  last  will  be  formed  in  plates  of  iron  or  steel 
[tended  down  sufficiently  to  strengthen  the  cheeks. 
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The  elevating  apparatus  proposed  will  consist  of  a  seat  for  the  bi 
of  the  gun,  attached  to  two  arms,  which  will  extend  to  the  rear  wit 
the  stock  and  be  secured  thereto  by  one  long  bolt;  through  a  cross-] 
at  the  front  end  of  the  arms  will  pass  a  screw,  its  general  directioD 
horizontal,  and  its  front  end  attached  in  rear  of  the  axle ;  the  screw 
the  arms  will  constitute,  as  it  were,  two  of  the  sides  of  a  triangle, 
altitude  of  which  will  regulate  the  elevation  of  the*  place;  the  gun 
ing  on  the  apex. 

The  recoil  check  now  on  the  carriage  is  to  be  slightly  altered  inshi 
and  to  be  provided  with  a  spring  to  overcome  the  want  of  elasticity 
the  system. 

The  present  carriage  might,  should  it  meet  with  the  views  of  tht| 
Bureau,  be  used  to  test  these  special  features;  but  it  is  the  opinion 
Lieutenant-Colonel  Buffington  and  myself  that  a  new  carriage  with 
cheeks  and  trail  formed  difterently  will  be  required  for  introductiODiA^ 
the  service. 

The  cost  of  altering  the  carriage  here  will  depend  greatly  upon  tk 
ease  with  which  its  form  can  be  restored,  and  the  necessary  stiffness  be 
obtained;  it  is  very  difficult  to  state  what  the  cost  may  be,  but  it  prob- 
ably would  not  exceed  $200. 

A.  MORDECAI, 
Major  of  Ordnance,  Oommandin§. 


.  I 


:1'- 


When  I  avssumed  command  of  this  arsenal,  November  2,  1881,  after! 
Lieutenant-Colonel  Buffington  had  been  relieved  therefrom,  thecarriagi 
referred  to  in  the  preceding  indorsements  was  ready  for  trial,  but  wsi 
awaiting  the  manufacture  of  the  necessary  projectiles. 

Before  the  ammunition  was  received  winter  had  commenced,  and  I 
was  not  until  April,  1882,  that  the  weather  permitted  of  the  carria^ 
being  taken  for  trial  to  the  New  York  State  rifle  range  at  Bath,  uef  j 
Albany. 

The  result  of  this  firing  is  set  forth  in  the  report. 

This  trial  developed  the  fact  that  the  attachment  of  the  trunniot* 
plates  to  the  cheeks  was  not  sufficiently  strong,  and  also,-in  my  opiuioi 
showed  that  the  elevating  apparatus  proposed  by  Lieutenant-Coloni 
Buffington  was  not  suited  to  such  a  gun. 

In  the  consultation  referred  to  in  the  preceding  indorsement,  No.  H 
Lieutenant  Colonel  Buffington  deemed  an  elastic  brake-rod  desirabH 
and  the  heavy  spiral  spring  in  a  metal  housing  was  proposed  by  me. 

The  trial  of  the  altered  carriage  referred  to  was  commenced  at  til 
Sandy  Hook  proving  ground,  November  21,  1882.  Lieutenaut-Goloi)< 
Buffington  and  I  were  present.  The  cecord  of  that  firing  is  given  in  tki 
Eeport  of  the  Chief  of  Ordnance  for  1883,  pages  326  and  327,  and  a  d^ 
scription  of  the  carriage,  denoted  as  No.  1,  is  given  in  the  same  repoi^ 
page  319. 

At  this  trial  Lieutenant-Colonel  Buffington  did  not  consider  the  spinl 
spring  and  housing  on  brake-rod  satisfactory,  and  later  proposed  to* 
a  brake-rod  which  he  characterized  as  "simpler,  less  expensive,  nxn 
durable,  and  would  give  better  results  if  properly  made."  It  consisto' 
of  a  flat  bar  of  low  steel,  spring  temper,  bent  into  broad  corrugatiofil 
whose  axes  were  perpendicular  to  the  length  of  the  bar,  thus  provicW 
for  the  extension  and  contraction  of  the  bar,  as  in  a  spiral  spring. 

As  the  spring  tried  with  the  carriage  had  given  such  good  resA 
and  as  I  doubted  the  successful  operation  of  the  new  device,  it  wasi^ 
tried  by  me  in  IVie  c;o\\^\it\v.eXA!^\i  q»1  ^'^^y^*^^^  made  subsequently. 
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The  con  tinned  trial  of  carriage  No.  1  proved  the  success  of  the  altera- 
tions relating  to  the  axle,  brake,  and  cheeks.  The  flanging  of  the  metal 
plates  of  this  carriage  had  been  a  difficult  and  expensive  operation,  and 
the  manufacture  of  carriages  upon  this  pl^  would  necessitate  a  special 
furnace  and  a  large  hydraulic  press.  In  view  of  these  facts,  and  of 
e9:periments  that  had  been  made  in  England  with  carriages  of  different 
cdnstruction,  I  suggested  to  the  Bureau  that  the  first  metal  carriage 
made  by  the  Department  might  be  altered  for  trial. 

The  action  taken  in  this  matter  is  shown  by  the  following  letter  and 

its  indorsements : 

Watkrvliet  Arsenal, 
West  Troy,  N,  F.,  December  21,  1882. 
The  Chief  of  Ordnance,  U.  S.  A., 

Waahingtanj  D.  C, : 

Sir:  I  wonid  respeotfally  suggest  for  the  consideration  of  the  Bureau  the  practica- 
bility of  altering  tne  first  .metal  field  carriage  mado  for  the  3.18-inch  B.  L.  rifle,  de- 
Bcril>ed  in  the  report  of  the  Chief  of  Ordnance  for  1880,  in  sach  a  manner  as  to  render 
it  sufficiently  strong  and  better  adapted  than  it  is  at  present  to  meet  the  requirements 
of  service. 

The  changes  proposed  would  be : 

1.  Substitute  a  new  steel  axle  fitted  with  Archibald  wheels,  like  those  that  have 
been  obtained  for  the  experimental  artillery  carriages  in  course  of  fabrication  at  this 
arseDal. 

2.  Apply  to  the  axle  two  steel  plates,  as  used  by  Lieutenant-Colonel  Buffiugton  on 
the  3.20- inch  carriage  No.  2,  altered  here  recently. 

3.  Add  the  spring  wheel-brakes,  m  on  carriage  No.  2. 

4.  Strengthen  the  cheeks  of  the  carriajg^e  by  steel  castings,  as  on  carriage  No.  2. 
The  carriage  so  altered  would,  it  is  believed,  be  strong  and  serviceable,  and  would 

give  a  construction  more  simple  and  cheaper  than  that  of  carriage  No.  2. 

The  trial  of  the  carriage,  the  trail  being  of  steel  p1at<es  stiffened  by  angle -irons 
riveted  on,  would  be  of  value  in  connection  with  experiments  made  in  England,  re- 
ported by  Mr.  H.  J.  Butter,  pages  14  and  15,  Ordnance  Notes,  No.  195. 
Very  respectfuUy,  your  obedient  servant, 

A.  MORDECAI, 
Major  of  Ordnancej  Commanding. 

[Second  indorsement.] 

The  Ordnance  Board,  U.  S.  A., 

New  Yorkf  January  2,  1883. 

Bespeotfully  returned  to  the  Chief  of  Ordnance,  U.  S.  A. 

Experiments  at  Sandy  Hook  indicate  that  the  wooden  carriages  provided  with  trails 
of  perfectly  sound  material,  with  a  new  box  of  wruught-iron  or  cast-steel  for  the 
elevating  screw,  and  with  the  bpring  brakes  proposed  by  Lieutenant-Colonel  Buffing- 
ton,  wiU  be  serviceable  with  the  3.20- inch  guns  firing  a  2|  ppuud  charge. 

In  the  opinion  of  the  Board,  however,  metal  field -carriages  similar  to  the  one  within 
referred  to,  and  modified  as  suggested  by  Lieutenant-Colonel  Mordecai,  are  deemed 
far  superior,  and,  when  tried  in  actual  service,  would  give  valuable  information  not  to 
be  obtained  with  the  wooden  carriage,  and  therefore  recommends  that  H  of  these  car- 
riages be  manufactured  for  the  3.20-incli  guns  on  hand  as  early  as  practicable,  to  re- 
place the  wooden  ones,  if  it  is  deemed  advisable  to  issue  the  latter  temporarily.  If 
this  recommendation  is  approved  gun  carriage  No.  1,  now  at  Sandy  Hook,  should  b« 
sent  where  the  carriages  are  to  be  manufactured. 

For  the  Board. 

T.  G.  BAYLOR, 
LieutenanU Colonel  of  Ordnance^  President  of  the  Board, 

[Third  indorsement] 

Ordnance  Office,  January  4,  1883. 

Respectfully  returned  to  the  commanding  officer  of  Watervliet  Ar?*eiial,  with  in- 
structions to  make  6  metal  field-gun  carriages  without  limbers,  as  recomaiended  by 
the  Ordnance  Board  in  preceding  indorsement. 
It  is  desired  that  they  be  made  without  delay  so  that  they  can  be  issued  early  in  the 
»ring.    The  Ordnance  Board  has  been  instructed  to  send  him  the  experimentaJ  metal 
Dld-gun  carriage  from  Sandy  Hook. 
j  .  S.  V.  BENfiT, 

&191  ORD 34 
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To  comply  with  the  instructions  in  the  preceding  indorsement,  st^ps 
were  at  once  taken  to  commence  a«  soon  as  i)racticable  the  fabrication 
of  metal  field  carriages. 

Several  manufacturers  were  called  upon  to  state  the  quality  of  sted 
plates  and  axles  they  could  furnish  and  the  time  within  which  delivery 
could  be  made. 

The  trail  plates  and  axles  were  ordered  February  5, 1§83 ;  the  former 
were  received  at  the  arsenal  by  March  15  and  the  latter  bv  March  21. 

Some  delay  occurred  in  determining  the  proper  dimensions  of  the 
axle-plates,  and  it  was  not  until  February  20  that  orders  were  given  to 
the  Albany  and  Rensselaer  Iron  and  Steel  Company,  of  Troy,  for  the 
manufacture  of  the  cast-iron  dies  necessary  to  form  the  plates.  The 
dies  were  only  completed  the  middle  of  April,  and  the  plates  were  de- 
livered by  Ai)ril  26. 

As  the  exact  form  of  the  cheeks  had  to  be  fixed  and  patterns  made, 
an  order  for  these  castings  and  those  for  the  lunettes  was  not  given 
to  the  founders  till  February  27 ;  it  was  the  6th  of  Ax^ril  before  any  of 
these  castings  were  received. 

In  the  mean  time,  as  this  arsenal  was  not  prepai:^d  for  the  work  to 
be  taken  in  hand,  machines  had  to  be  repaired  and  fitted  up  and  templets 
and  tools  made,  so  that  it  was  the  middle  of  April  before  the  carriages 
were  fully  under  way. 

On  June  18,  1883,  the  Chief  of  Ordnance  was  requested  to  authorize 
the  first  of  the  six  carriages,  then  about  completed,  to  be  sent  to  the 
Sandy  Hook  proving  ground  for  trial  by  the  Ordnance  Board,  to  test 
the  elevating  apparatus  and  to  develoi)  any  marked  points  of  we^ikness 
that  might  exist. 

The  carriage  was  received  at  Sandy  Hook  June  26,  and  was  tried  by 
the  Ordnance  Board.  Tlie  report  upon  this  trial  appears  in  the  Report 
of  the  Chief  of  Ordnance  United  States  Army,  for  1883,  page  313. 

The  report  of  the  Board  was  concurred  in  by  the  Chief  of  Orndance 
and  was  transmitted  July  6, 1883,  to  the  commanding  officer,  Watetvliet 
Arsenal,  with  directions  to  take  *'the  necessary  action  to  cover  the  ob- 
jections raised  by  the  Board  in  regard  to  the  brake." 

The  i^oints  of  objection  referred  to  were: 

1.  Tiie  trail  handspike  is  too  lij;bt,  ami  while  the  method  of  attachiueut  is  con- 
sidered the  best  yet  submitted  to  the  Board,  it  is  believed  that  a  wooden  handspike 
with  the  same  attachment  would  not  be  susceptible  to  bending  from  its  own  inertia 
and  would  be  easier  to  handle. 

2.  The  brakes  should  not  terminate  in  an  eye,  but  in  a  hook  with  a  link  over  the 
opening  to  secure  it.     Thus  arranged  it  may  be  more  readily  replaced  if  injured. 

3.  The  guide  rods  for  the  hea^l  of  the  elevating  screw  should  be  prevented  from 
separating  at  their  junction  with  the  trunnions.  This  was  effected  here  by  **  burr- 
ing" up  the  ends  of  these  small  trunnions  projecting  from  the  head. 

4.  It  is  Uiit  known  whether  or  not  the  brakes  are  intended  as  a  substitute  for  the 
chain  in  locking  the  carriage  when  passing  over  a  declivity.  If  so,  it  is  thought  that 
there  may  be  difficulty  in  releasing  them,  as  is  usually  done  when  near  the  end  of  the 
descent ;  that  it  may  be  necessary  for  this  purpose  to  stop  and  back  the  carriage,  which 
would  be  a  tioublesome  operation  in  any  case,  and  impracticable  if  several* carriages 
were  in  column. 

The  steps  taken  to  correct  th6  defects  noted  above  were : 

1.  The  stem  of  the  handspike,  embraced  within  the  iron  pii>e,  was 
lengthened,  and  by  means  of  strips  of  hard  wood  was  made  to  fill  the 
cross-section  of  the  pipe.  This,  it  was  thought,  would  overcome  the 
difiiculty,  and  the  work  had  progressed  too  far  for  an  economical  intro- 
duction of  a  wooden  handspike. 

2.  A  hook  \v\t\i  a  WiiW  ^bwd  ^\w  or  key  was  placed  upon  all  the  brakes. 

3.  The  guide-Toda  ioT  ^\«^^\\\i^  ^^x^nr  ^^t^^^Rxa^  ^wtUe  trunnions 
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by  nuts.  The  two  rods  iire  in  addition  held  together  by  a  separator 
whose  ends  pass  through  the  rods  and  terminate  in  a  thread  and  nut. 
If  found  necessary  in  service  the  ends  of  the  trunnions  beyond  the  nuts 
can  be  "burred"  to  prevent  nuts  from  possibly  working  loose. 

4.  Though  Lieutenant-Colonel  Buffiagton  was  strongly  of  the  opinion 
that  the  brake  for  checking  recoil  was  entirely  suited  for  use  in  travel- 
ing-,  it  was  thought  best  to  provide  other  means,  and  the  last  four  car- 
riages finished  were  fitted  with  a  steel  shoe  and  iron  lock-chain. 

The  general  construction  of  the  six  carriages  was  the  same,  with  the 
exception  that  three  had  no  axle  seats  for  cannoneers,  and  two  had 
trail  handspikes  of  wood,  with  pointing- rings. 

Some  slight  difterences  in  the  brakes  and  elevating  screw  guides  will 
be  noted  hereafter. 

NOMENCLA  TUBE, 

(Plates  I,  II,  and  III.) 

1  axle. 

2  axle-plates,  attached  about  axle  by  45  rivets. 
2  brake  eyes. 

2  linch  washers. 

2  linchpins,  including  2  clasps  and  2  rivets. 

2  cheek  and  trail  plates. 

2  cheeks,  attached  to  cheek  and  trail  plates  each  by  13  rivets,  and  to 

axle-plates  each  by  2  bolts  without  nuts. 
2  angle  frames,  attached  to  cheek  and  trail  plates  each  by  53  rivets, 

and  to  axle-plates  each  by  2  bolts  and  2  nuts. 
1  lunette,  attached  to  trail  by  10  rivets. 
1  front  transom,  attached  to  cheeks  by  2  rivets  at  each  end. 
1  middle  transom,  attached  to  sides  of  trail  by  3  bolts  and  3  nuts  at 

each  end. 
1  rear  transom,  attached  to  sides  of  trail  by  2  bolts  and  2  nuts  at  each 

end. 
1  under  transom,  attached  to  sides  of  trail  by  2  bolts  and  2  nuts  at  each 

end. 

1  tie-bolt,  1  nut,  1  separator. 

2  cap-squares. 
2  chin-bolts. 

2  key-bolts. 

2  keys,  2  key  chains,  2  rings,  2  eye-pins. 
2  trail-haudles,  3  bolts  (1  long,  2  short),  3  nuts. 

2  foot  attachment's  for  handspike,  one  with  1  fixed  pin,  one  with  1  mov- 
able pin,  and  1  key;  4  bolts  without  nuts. 
1  trail  handspike,  composed  of — 

1  body. 

1  casing  (piece  of  gas  pipe). 

1  cap. 

2  strips  of  wood  for  filling. 
4  rivets. 

1  cross-bar  with  1  Y  for  supporting  handspike  when  turned  up,  at- 
tached to  trail  by  1  rivet  at  each  end. 
1  tool-box,  composed  of — 

1  bottom  plate,  attached  to  trail  by  8  rivets. 
1  upper  end  plate  attached  to  trail  and  bottom  by  6  rivets. 
1  lower  end  plate  attached  to  trail,  bottom,  and  cross-piece  bj  8 
rivets. 
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1  cross-piece  with  eyestad  for  lock,  attached  to  trail  by  2  rivets; 
1  lid,  1  hinge,  and  1  hinge-plate  united  and  attached  to  trail  and 
upper  end  plate  by  11  rivets ;  1  padlock ;  1  chain  fastened  by  1 
eye-pin  riveted  to  cross-bar  for  Y- 

1  block  into  which  are  cut  recesses  for  tools. 

1  elevating  apparatus,  composed  of — 

1  large  screw. 

1  small  screw. 

1  nut,  2  key -plates,  and  2  screws. 

1  large  gear-wheel. 

1  small  gear-wheel. 

1  shaft,  2  nuts. 

1  hand-wheel. 

2  journal  boxes,  formed  each  of  1  plato  to  which  a  boss  is  riveted. 

3  bolts  and  3  nuts. 

2  guide-bars. 

1  tie-bolt  and  2  nuts ;  1  separator. 
1  elevating-screw  bolt  and  2  nuts. 

2  recoil-brakes,  composed  each  of— 

1  front  bar  with  hook,  1  link. 
1  pin. 

1  rear  bar  with  shoe,  1  nut,  1  pin. 
1  housing,  1  pin,  1  key,  1  key-screw. 
1  spring. 
2  axle-seats,  composed  each  of — 
1  bottom. 

4  standards,  attached  to  bottom  each  by  2  rivets. 
1  upper  band,  attached  to  standards  by  8  rivets. 
1  lower  band,  attached  to  standards  by  8  rivets. 

3  springs,  attached  to  seat  each  by  2  rivets,  and  to  axle-plates 
each  by  2  bolts  and  2  nuts. 

1  foot-rest  for  right  seat  (carriage  limbered),  composed  of — 

1  side  bar. 

2  cross-bars. 
6  rivets. 

1  foot-rest  for  left  seat  (carriage  limbered),  composed  of — 

2  stop-bars  torminating  at  upper  end  in  hinge,  fiastoned  to  axle- 
platos  each  by  2  bolts  and  2  nuts. 

1  stop-plate,  attached  to  bars  by  12  rivets. 

1  tie-chain  and  1  toggle,  fastened  to  bottom  of  seat  by  1  bridle 
and  2  rivete. 
1  traveling  brake,  composed  of— 

1  shoe;  1  ring. 

1  lock  chain,  in  three  parts;  1  toggle. 

1  loose  ring. 

1  eye-bolt,  1  washer,  1  nut. 

1  securing  pin,  riveted  into  axle-plates. 

ATTAOHMEXTS. 

For  sponges  and  rammers. 

1  D-ring,  1  plate,  2  staples,  2  rivets,  by  which  plato  is  attached  to 
cheek. 

1  foot-ring,  attached  to  cheek  by  one  of  the  middle  transom  bolts,  and 
to  axle-plat^  by  on^  of  the  seat  spring  bolts. 

2  hooks  riveted  m\o  %\de&  ol  VxsSl^ 
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For  recoil  brakes. 
2  chains  and  hasps. 

2  eye-plates,  attached  to  trail  each  by  2  rivets. 
2  tambnckles,  riveted  to  2  studs,  which  are  riveted  to  trail. 
2  wheels,  composed  each  of — 

Ihub. 

1  front  flange. 

1  hub-band. 

8  hub-bolts  and  8  nuts. 

16  spokes. 

8  fellies. 

16  felly  rivets  and  burs. 

8  dowels. 

1  tire. 

8  tire-bolts,  8  nut-s,  and  8  washers. 

MATERIALS. 

With  the  view  of  reducing  the  dimensions  of  the  parts,  and  thus  di- 
minish the  weight  without  detriment  to  strength,  steel  was  employed, 
except  where  no  advantage  could  be  gained  thereby. 

The  materials  used  and  the  parties  by  whom  manufactured  were,  in 
general,  as  follows,  viz  : 

Axles.— Steel,  open-hearth,  from  Midvale  Steel  Works,  Nicetown,  Pa. 

Axle-plates. — Steel,  Bessemer,  <<  dead  soft,"  Albany  and  Bensselaer 
Iron  and  Steel  Company,  Troy,  N.  Y. 

Cheek  and  trail  plates. — Steel,  open-hearth;  6  from  Nashua  Iron 
and  Steel  Company,  Nashua,  K.  H.,  and  6  from  Otis  Iron  and  Steel 
Company,  Cleveland,  Ohio. 

Cheeks. — Steel,  cast  and  annealed,  from  Chester  Steel  Castings  Com- 
pany, Chester,  Pa. 

Angle-frames. — Steel,  Bessemer,  ^'  common  stock,"  Albany  and  Bens- 
selaer Iron  and  Steel  Company. 

Lunettes. — Five,  steel,  cast,  and  annealed,  Chester  Steel  Castings 
Company  ;  1  wrought  iron,  best  hammered,  forged  at  arsenal. 

Transoms. — Steel,  Bessemer,  '^  common  stock,"  Albany  and  Bensse- 
laer Iron  and  Steel  Company. 

Cap-squares  and  chin  and  key  bolts. — Steel,  open-hearth,  Naylor  & 
Co.,  Boston,  Mass. ;  made  for  the  purpose. 

Brake-eyes. — Steel,  very  tough,  suitable  for  sledge-hammers ;  from 
stock  on  hand  at  arsenal. 

Tool-box. — Steel,  homogeneous,  open-hearth.  Park,  Brother  &  Co., 
Pittsburgh,  Pa. 

ELEVATING  APPAKATU8. 

Screws. — Steel,  open-hearth,  Gautier  Steel  Department,  Cambria  Iron 
Company,  Johnstown,  Pa.   • 

Nuts,  gear-wheels,  and  hand- wheels. — Bronze;  cast  at  arsenal. 

Journal-boxes. — Plates  of  wrought  iron,  rolled  ;  bosses  of  wrought 
iron,  hammered  ;  all  of  good  quality. 

RECOIL  BRAKES. 

Front  bar. — Wrought  iron,  Norway. 

Bear  bar.— Steel,  open-hearth,  Naylor  &  Co. ;  made  for  the  purpose. 

Housing. — Wrought  iron,  good  quality. 

Spring. — Spring  steel,  best. 
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Bottoms. — Steel,  homogeneous,  open-hearth,  Park,  Brother  &  Co. 

Standards. — Wrought  iron,  Burden's  best. 

Upper  baud. — Copper,  cold-rolled. 

Lower  band. — Steel,  oi>eu-hearth,  Naylor  &  Co. 

Springs. — Spring  steel. 

Foot-rest  bars. — Wrought  iron,  common. 

Foot-rest  plates. — Steel,  open-hearth,  Naylor  &  Co. 

Rivets. — Wrought  iron,  of  good  quality.  Burden  Iron  Company,  Trov» 
N.  Y. 

Bolts. — Steel  and  Kdrway  iron. 

Nuts. — Wrought  iron,  cold-pressed. 

Minor  parts. — Steel,  Norway  iron,  and  Burden's  irons,  "  B.  B."  and 
"  H.  B.  &  S." 

Shoe  of  traveling  brake. — Steel,  suitable  for  sledge-hammers. 

WHKELS,    ARCHIBALD  PATTERN. 

(Made  by  Archibald  Wheel  Company,  Lawrence,  Mass.) 

Hub^  flange,  and  band. — Cast  iron,  Gray,  best  quality. 
Spokes  and  fellies. — Oak. 
Dowels.— Wrought  iron. 
Tires. — Steel. 

CONSTRUCTION. 

The  axles  as  received  were  forged  to  general  shape;  the  arms,  shour 
ders,  and  body  were  turned,  the  latter  to  a  true  cylinder  3  inches  in 
diameter. 

The  axle-plates  were  by  the  manufacturers  rolled  in  plate^t  three- 
eighths  of  an  inch  thick  and  then  given  the  required  form  by  dies 
under  a  heavy  steam-hammer.  Great  care  was  necessary  to  prevent 
these  plates  from  warping  and  cooling.  True  contact  between  the  axle 
and  plates  was  obtained  by  planing  the  groove  in  the  plates  with  a  tool 
whose  section  was  that  of  the  axle.  The  plates  were  then  cut  to  shape, 
drilled,  and  the  recesses  made  for  the  brake-eye  tangs. 

The  brake-eyes  were  dovetailed  into  the  shoulders  of  the  axle ;  lateral 
movement  was  prevented  by  the  plates,  which  also,  by  fitting  over  a 
horizontal  tang  to  the  base  of  the  eye,  secured  the  axle  from  possible 
rotation  within  the  plates. 

After  all  parts  had  been  accurately  fitted  the  plates  were  riveted 
about  the  axles. 

The  cheek  and  trail  plates,  five-sixteenths  of  an  inch  thick,  were 
obtained  in  a  trapezoidal  shape.  A  plate  was  first  cut  to  required 
form,  determined  by  a  templet ;  it  was  then  bent  to  the  proper  angle 
along  the  line  on  which  the  cheek  and  angle-frame  join;  next  the  cheek 
and  the  angle-frame  were  fitted  to  the  plate,  the  rivet-holes  drilled, 
and  these  parts  riveted  together. 

The  angle-frame  was  formed  from  a  bar  of  angle  steel  1 J  inch  by  1^ 
inch,  bent  at  the  point  of  the  trail,  where  a  part  of  one  flange  was  cut 
away,  and  the  required  shape  was  given  the  frame  on  a  former. 

The  cheek  and  trail  plates,  w^ith  the  parts  that  had  been  riveted  to 
them,  were  now  brought  together  and  united  by  temporary  attach- 
ments till  the  lunette  and  front  transom  had  been  riveted  in  place;  the 
other  transoms  were  then  fitted  and  secured  by  their  bolts. 
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The  chiD  and  key  bolts  and  the  cap  squares  were  next  fitted,  and 
then  the  trunnion-beds  and  cap-squares,  and  the  axle-beds,  both  of 
which  beds  form  part  of  the  cheeks,  were  bored  out  in  a  lathe. 

To  diminish  as  much  as  possible  the  weight  on  the  trail,  the  trunnion- 
beds  are  placed  as  far  as  appears  advisable  in  front  of  the  axis  of  the 
axlo. 

The  body  of  the  carriage  was  attached  to  the  axle  after  the  surfaces 
of  contact  along  the  cheeks  had  been  planed.  The  bolts  drew  these 
parts  to  a  true  bearing. 

The  elevating  apparatus  is  similar  in  general  construction  to  one 
used  in  the  Italian  field  artillery,  but  the  arrangement  of  the  nut  and 
gear-wheels  was  suggested  by  Mr.  A.  P.  Casey,  then  master  machinist 
at  the  arsenal,  without  any  knowledge  that  it  had  been  used  before. 

The  outer  screw,  which  is  rotated  by  the  large  gear-wheel,  serves  as 
a  nut  to  the  inner  screw,  and  the  latter  is  prevented  from  turning  by 
the  guide-bars.  A  spline  in  the  large  gear-wheel  working  in  a  groove 
in  the  outside  of  the  large  screw  causes  these  two  to  turn  together, 
the  screw  moving  through  the  nut  and  the  wheel;  the  two  key-plates 
with  their  screws  secure  the  large  gear-wheel  in  contact  with  the  nut. 

The  nut,  being  journaled  to  the  trail,  carriea  with  it  the  screws,  gear- 
wheels, shaft,  and  hand-wheel. 

The  guide-bars,  straight  rods,  are  attached  to  the  inner  elevating  screw 
by  the  nuts  on  each  end  of  the  bolt  that  passes  through  the  head  of  the 
screw;  the  front  ends  of  these  bars  are  secured  by  nuts  to  prolonga* 
tions  of  the  upper  bolts  that  attach  the  middle  transom. 

On  the  recoil-brakes  the  shoes  are  made  of  extra  thickness  at  the 
heel,  that  being  a  point  at  which  some  previously  made  showed  weak- 
ness. The  springs  are  of  bars  -jV  J^^h  square ;  they  were  tested  and 
compressed,  that  a  permanent  set  might,  if  possible,  be  given  to  them ; 
the  force  required  to  compress  them  was  about  1,400  pounds,  the  varia- 
tion not  being  great.  A  shoulder  upon  the  interior  of  the  housing  pre- 
vents the  spring  from  closing  upon  itself.  The  nut  on  the  rear  'jar  is 
prevented  from  turning  by  a  pin  inserted  parallel  to  the  length  of  the 
bar.  The  link  over  the  hook  is  held  in  place  by  a  nin  through  the 
X>0]nt  of  the  hook. 

The  axle-seats,  being  entirely  experimental,  were  not  placed  upon  all 
the  carriages;  wherever  introduced  one  was  faced'  to  the  front,  the  other 
to  the  rear,  that  the  best  position  might  be  determined  by  trial. 

It  was  thought  that  for  breech-loading  guns  the  cannonier  might  ride 
facing  to  the  front;  a  more  agreeble  position  and  one  allowing  the  rest 
for  the  feet  to  be  simple  and  above  the  axle. 

The  traveling  brake  has  a  stout  steel  shoe,  with  short  sides  raised  at 
the  points  where  the  tire  and  felly  will  bear;  the  lock-chain  is  of  the 
same  construction  as  that  used  on  the  present  siege-gun  carriage,  allow- 
ing \he  shoe  to  be  removed  from  the  wheel  without  stopping  the  car- 
riage. 

It  is  believed  that  the  necessity  for  a  shoe  is  marked,  as  the  weight 
of  the  carriage  and  gun  is  such  that  with  a  simple  lock-chain  the  tire 
of  the  wheel  would  soon  be  worn  out.  A  traveling  brake  operated  by 
a  lever  or  screw  was  considered  too  complicated  and  heavy  for  such  a 
carriage. 

The  Light  Artillery  Board  of  1881  recommended  that  wheels  of  the 
Archibald  pattern  should  be  tried  on  field  carriages,  and  they  were 
therefore  used. 
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The  Archibald  Wheel  Company  claims  for  their  wheels  the  following: 

By  means  of  our  patent  pres^  process  of  mamifactare,  every  joint  in  both  spokes  and 
fellies  is  pressed  together  with  snch  force  and  accuracy  that,  with  the  stock  we  nae^ 
our  wheels  will  stand  always  in  any  climate. 

Our  stock  is  inyariably  seasoned  two  years  under  cover  in  the  single  spoke  and 
felly. 

Each  wheel  is  put  together  with  a  pressure  twenty-five  times  greater  than  aaj 
weieht  it  will  have  on  it  afterwards,  and  consequently  it  cannot  be  crushed  by  over- 
loading. 

On  account  of  this  pressure  the  spokes  can  never  *'  work  in  the  hub,"  nor  can  anf 
moisture  get  within  the  hub  to  rust  or  rot  the  spokes. 

They  wiU  stand  more  abuse  and  climatic  changes  than  any  other  wheel. 

Tires  properly  put  on  need  never  be  reset,  in  any  climate,  until  worn  out. 

They  will  run  easier  and  longer  on  the  same  oiling  than  any  other  wheel,  as  tbey 
are  perfectly  true  in  all  respects. 

To  replace  a  box  and  that  portion  of  the  hub  attached: 

Unscrew  and  remove  the  front  hub-band,  take  off  the  hub-nuts,  and  the-bos  will 
easily  drive  out.  The  box  is  as  easily  put  on  again,  after  which  screw  on  the  front 
hub-band.  The  tire  being  on  will  hold  the  wood  part  so  that  it  cannot  more  wbiU 
the  hub  is  being  taken  off.  This  hub  or  box  is  as  firm  and  true  on  the  wheel  as  wu 
the  first  oue.  It  can  be  done  by  anybody,  and  in  a  few  moments'  time,  and  at  km 
expense  than  any  other  box,  and  cannot  be  done  wrong. 

To  replace  a  spoke : 

After  the  tire  and  felly  on  the  injured  spoke  are  taken  off  (and  in  taking  off  this 
felly  it  is  not  necessary,  on  account  of  the  peculiar  dowel  used,  to  start  off  any  other 
fellv),  take  out  only  the  bolt  that  passes  through  the  injured  spoke;  saw  off  this 
spoke  as  close  to  the  hub  as  possible,  and  bore  or  dig  out  the  spoke;  drive  in  the  da- 
plicate  spoke  as  far  as  possible,  and  arrange  the  tenon  at  the  felly  so  that  the  tire  may 
press  the  spoke  about  one-eighth  inch  farther  into  the  hub,  and  after  the  tire  is  on, 
put  iu  the  hub-bolt. 

The  wheels  for  these  carriages  have  tires  of  steel  one-half  inch  thick, 
the  edges  rounded  and  extending  beyond  the  faces'  of  the  fellies. 

The  dowels  used  with  these  wheels  are  triangular  pieces  of  flat  wrought 
iron. 

Each  carriage  is  provided  with  attachments  for  2  short  sponges  and 
rammers,  and  the  tool  boxes  are  arranged  for  1  cold  chisel,  1  file  8  inches 
long,  1  riveting-hammer,  1  oiler,  1  pin-ilriver,  1  bar-wrench,  and  I  screw- 
wrench,  all  secured  to  the  block  by  loops  and  buttons. 

BIPFEBENOES  OF  CONSTRUCTION. 

The  carriages  are  numbered  from  1  to  6,  inclusive,  stamped  on  front 
edge  "f  cheek. 

The  preceding  nomenclature  and  description  and  the  drawings  apply 
strictly  to  No.  3.  In  this  one  the  cheek  and  trail  plates  are  of  Nashua 
steel. 

No.  1  has  no  seats ;  the  brake  housings  have  no  stop,  the  springs 
being  allowed  to  close  upon  themselves;  the  link  on  one  brake  is  se- 
cured by  a  pin,  on  the  other  by  a  wedge  passing  under  the  link ;  the 
brake-eyes  are  lighter  than  on  No.  3.  The  axle-plates  are  of  '^  common 
stock  f  the  cheek  and  trail  plates  of  Otis  steel.  The  sponges  and  ram- 
mers are  carried  one  on  each  si<ie  of  trail. 

No.  2.  The  cheek  and  trail  plates  are,  one  of  Otis ;  the  other  of  Nashua 
steel ;  the  lunette  is  of  wrought  iron. 

No.  4  has  no  seats;  the  guide-bars  to  elevating  screw  are  not  straight, 
and  have  no  tie-bolt  and  separator;  the  brake  links  are  secured  by 
wedges.  The  shoe  of  the  right  brake  (carriage  limbered)  has  riveted  to 
the  outer  surface  a  piece  of  sheet  iron,  bent  to  triangular  form ;  the 
brake  being  placed  to  the  rear  of  the  wheel  when  traveling,  the  iron 
rests  near  the  surface  of  the  tire,  and  serves  for  a  mud-scraper;  the 
brake  is  prevented  from  being  carried  over  the  wheel  by  a  chain  hooked 
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to  the  shoe  by  an  eye-pin  and  ring,  the  other  end  being  welded  into  a 
ring  in  an  eye-pin  riveted  to  the  axle-plates ;  this  chain  when  not  in  nse 
with  mud-scraper  is  passed  through  a  ring  in  a  second  eye-pin  in  axle- 
plates  and  thus  secured.  The  mud-scraper  is  a  design  of  Lieutenant- 
Colonel  Buffington. 

The  trail  handspike  is  of  iron,  with  two  pointing-rings,  same  as  on 
wooden  field-gun  carriages ;  two  are  carried,  one  on  each  side  of  trail, 
with  a  sponge  and  rammer  above  them ;  the  front  end  of  handspike 
passes  through  a  ring  hinged  to  a  stud  bolted  to  the  axle  plates;  the 
rear  end  is  secured  by  a  ring  and  hook  as  with  the  rammer.  The  cheek 
and  trail  plates  are  of  Otis  steel. 

No.  5.  The  brake  housings  have  no  stop  for  spring ;  the  brake-links 
are  secured  by  wedges. 

The  guide-bars  are  straight,  but  have  no  tie-bolt  and  separator. 

Has  no  traveling  brake.  The  cheek  and  trail  plates  are,  one  of  Otis, 
the  other  of  Nashua  steel. 

No.  6  has  no  seats ;  the  brake-housings  have  no  stop  for  spring : 

The  brake  links  are  secured  by  wedges. 

The  guide  bars  are  not  straight,  but  have  a  tie-bolt  and  separator. 

The  brake-eyes  are  lighter  than  on  No.  3.  The  trail  handspike  is  of 
wood ;  it  and  its  attachments  are  the  same  as  on  No.  4.  Has  no  trav- 
eling brake. 

DIMENSIONS  AND  WEIGHTS. 

DIMKN8I0NS. 

Inches. 

Distance  between  inside  of  trunnion-beds '. 9.52 

Diameter  of  trunnion-holes 3. 7 

Distance  of  axis  of  trunnions  in  front  of  axis  of  axle,  piece  unlimbered,  on 

horizontal  ground 2.75 

Distance  from  axis  of  trunnions  to  axis  of  axle  in  a  straight  line 14. 25 

Height  of  axis  of  trunnions  above  the  ground 42. 75 

Distance,  perpendicular  to  axle,  between  the  points  of  contact  of  trai)  and 

wheels  with  the  ground 72. 5 

Distance,  horizontal,  from  front  of  wheels  to  end  of  trail,  piece  unlimbered..  116.25 
Distance  of  the  muzzle  of  the  piece,  axis  horizontal,  in  front  of  wheels,  piece 

unlimbered 15. 415 

Length  of  carriage  without  wheels 104 

Whole  length  of  axle 75.45 

Track  of  the  wheels 60. 

Height  of  wheel 57. 5 

Dish  of  wheel 1 

Vertical  field  of  fire  above  the  horizontal  line degrees . .  22 

Vertical  field  of  fire  below  the  horizontal  line do 6 

WEIGHTS. 

Pounds. 

Carriage  No.  3,  including  tools,  but  not  implements 1,310 

Carriage  No.  1,  including  tools,  but  not  implements 1, 160 

Carriage  No.  2 Same  as  No.  3. 

Carriage  No.  4 1,237 

Carriage  No.  5,  including  tools,  but  not  iinplemeuis 1,280 

Carriage  No.  6,  including  tools,  but  not  implements 1, 214 

One  wheel 200 

Pressure  of  trail  on  ground,  piece  unlimbered.  carriage  No.  3 187 

Pressure  of  trail  on  pintle-hook,  piece  limbered,  carriage  No.  3 140 

Pressure  of  trail  on  ground,  piece  unlimbered,  carriage  No.  1 199 

Pressure  of  trail  on  pintle-hook,  piece  limbered,  carriage  No.  1 147 

DISPOSITION  MADE   OP  CABRIAGES. 

No.  1.  Sent  to  United  States  Military  Academy,  West  Point,  N.  Y. 
No.  2.  Sent  to  United  States  Artillery  School,  Port  Monroe,  Va. 
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Nos.  3  and  4.  Issued  to  Light  Battery  F,  Fifth  United'States  Artillery, 
Fort  Hamilton,  New  York  Harbor. 

Nos.  5  and  6.  Sent  to  Benlcia  Arsenal,  California,  for  use  of  Light 
Battery  K,  First  United  States  Artillery. 

As  bearing  upon  a  gun-carriage  for  the  field  service,  the  following  is 
quoted  from  the  i»roceeuiug55  of  the  Board  of  Light  Artillery  Officers  cou- 
vened  by  virtue  of  General  Orders,  No.  39,  Headquarters  of  the  Army, 
A.  G.  O.,  Washington,  April  28,  1881: 

That  the  now  camajjjes  be  of  the  general  form  of  those  now  in  service,  and  capable 
of  sustaining  the  shock  of  the  heavy  powder  rhar;»e8  proposed  without  lossof  reqni- 
■ite  lightness  and  mobility.  To  secure  these  objects  the  Board  is  of  opinion  th»t  the 
carriage  should  be  made  of  steel,  and  iu  two  parts;  that  part  immediately  sustaining 
th  e  gr.n  to  have  a  small  movement  checked  by  an  elastic  bufier,  so  that  the  first  shock 
of  the  recoil  may  be  absorbed  l>eforo  any  severe  strain  comes  upon  the  axle.  The 
carriage  to  be  provided  with  axle-tree  seats  facing  towards  the  muzzle,  and  adonble 
brake  for  each,  while  arranged  so  as  not  to  interfere  with  the  service  of  the  piece,  and 
which  can  be  operated  by  the  cannoneers  on  the  axle-tree  seats,  and  used  on  the 
march,  in  addition  to  checking  the  recoil  when  the  gun  is  fired. 

The  checks  aud  elevating  apparatus  to  be  placed  so  as  to  admit  of  curved  fire  with 
reduced  charges;  the  angle  of  depression  to  be  about  6^,  and  the  height  of  the  axis 
of  the  trunnions  above  the  ground  to  be  about  the  same  as  in  the  present  carriage. 

The  elevating-screw  to  be  single,  having  a  slot  and  a  side  screw,  in  order  to  lock  it 
and  prevent  it  from  running  down  when  the  gun  is  fired. 

The  wheels  to  be  of  the  Archibald  pattern,  with  eight  fellies  and  sixteen  spokes; 
their  height,  track,  dish,  and  width  of  tire  to  bo  the  same  as  those  of  the  wheels  now 
in  use. 

The  trail  handspike  to  be  of  hollow  metal,  and  attached  to  the  trail  so  that  it  can 
be  folded  on  the  stock,  aud  be  held  in  place  when  the  gun  is  tired,  and  also  when  the 
carriage  is  limbered.  There  should  be  a  trail-box  for  implements  and  a  small  ean  of 
sperm  oil  on  the  trail  between  the  cheeks. 

These  carriages  have  been  submitted  for  trial  in  service,  not  as  per- 
fect in  plan  or  construction,  but  as  suitable  for  use  with  the  breech- 
loading  guns,  and  as  an  advance  upon  the  wooden  carriage. 

Of  the  minor  features,  some  will  doubtless  need  to  bo  modified,  and 
changes  may  even  be  required  in  the  principal  parts.  These  will  be 
developed  by  trial  and  by  the  experience  of  our  Army  oflScers. 

Some  objectionable  points  in  construction  noticed  during  fabrication 
were  allowed  to  remain,  as  their  alteration  would  have  delayed,  possi- 
bly unnecessarily,  the  completion  of  the  work. 

The  cost  of  the  carriages  was: 

One  with  axle-seats $984  64 

One  without  axle-seats 902  64 

These  figures  include  tlie  outlay  for  dies  for  axle-plates,  and  for  spe- 
cial tools,  which  increased  the  cost  of  each  carriage  by  at  least  $50. 

A.  MORDECAI, 
Lieutenant- Colonel  of  Ordnance^  commanding. 
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DESCRIPTION  OF  THE  PIPER  FIELD  AND  SIEGE  GIN, 

BT  LIEUT.  COL.   A.  MORDECAI,   ORDNANCE  DEPARTMENT. 

(5  plates.) 

Wateevlebt  Arsenal, 
West  Troy,  N'.  T.,  July  14, 1884. 

The  Chief  of  Ordnance,  U.  8.  A., 

Washington,  D.  C. 

Sir:  In  accordance  with  your  instructions  of  January  l(i,  1884, 1  have 
the  honor  to  submittthe  following  description,  with  plates,  of  the  "Piper 
gin,"  for  field  and  si^e  services,  manufactured  at  this  arsenal  pursuant 
to  your  directions  of  March  20, 1883. 

DESCRIPTION,  « 

This  gin  consists  of— 

wooden  parts. 
2  legs  of  spruce. 
1  pry- pole  of  spruce. 
a  cleats  of  oak  for  pry-pole,  fastened  by  4  nails. 

1  windlass  of  oak. 

And  for  service  of  the  gin : 

2  handspikes  of  hickory. 

3  shoes  of  two  thicknesses  of  ash  plank,  fastened  by  4  rivets. 

METAL  PARTS,  WROUGHT  IRON. 

Attached  to  right  leg: 

1  journal-box. 

2  journal-box  bolts. 

1  journal-box  key;  1  eye-pin  and  1  chain  for  key. 

2  journal-box  straps  and  2  strap-keys. 
1  pawl,  held  by  1  bolt  screwed  into  leg. 
1  lower  band. 

1  point,  and  1  washer^  fa^ened  by  3  nails. 
1  lower  brace-band,  fastened  by  3  screws. 
1  upper  brace-band,  fastened  by  4  screws. 

1  lower  brace,  fastened  by  nut  to  stud  forming  part  of  the  brace- 
band. 

1  upper  band,  fastened  by  2  screws. 

1  key  for  clevis-bolt;  1  eye-pin  and  1  chain  for  key.  ^a 
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The  metal  parts  attached  to  the  left  le^  are  similar  to  those  of  the 
right  le^:,  su^tituting  1  apper  brace  for  the  lower  brace  and  adding  1 
strap  with  stud  and  nut  for  securing  upper  brace,  fastened  by  1  pin  and 
2  screws. 

Attached  to  the  pry  pole: 

1  lower  band. 

1  point,  and  1  washer,  fastened  by  3  nails. 

1  band  with  eye  for  safety-chain,  fastened  by  4  screws. 

1  safety-chain. 

1  upper  band. 
♦      1  clevis. 

1  clevis  bolt,  fastened  by  1  pin. 
Attached  to  the  windlass : 

2  gudgeons,  fastened  by  2  pins. 

2  handspike  sockets  (of  brass);  2  pawls;  2  springs,  held  in  plftM 

by  2  plates  each  fastened  to  socket  by  3  screws. 
2  ratchet-wheels. 
2  bands,  fastened  each  by  3  screws. 

The  general  construction  is  the  same  as  that  of  the  garrison  and  case- 
mate gins  made  by  the  Ordnance  Department,  the  principal  changes 
being  in  the  journal-boxes  and  brace-bands,  and  in  the  addition  of  the 
safety-chain.  This  last  is  attached  at  its  middle  to  the  pry-pole,  and  has 
one  end  hooked  to  each  leg,  thus  preventing  the  gin  from  spreading  and 
falling  to  the  ground. 

In  the  fabrication  of  this^in  a  mistake  was  made  in  the  position  of 
the  journal-boxes,  they  being  too  high  for  working  the  windlass  advan- 
tageously. 

Itwould  be  better  were  the  axis  of  the  windlass  32  inches  from  a  straight 
line,  joining  the  inner  bottom  edges  of  lower  bands  on  legs,  instead  of 
38^  inches,  as  made.  This  would  necessitate  an  increase  in  the  length  of 
the  wooden  part  of  windlass,  which,  in  my  opinion,  would  be  better  than 
using  the  same  length  of  windlass  and  bringing  the  legs  nearer  together. 
The  position  of  the  cylindrical  part  of  the  legs  would  have  to  be  changed 
accordingly,  but  no  other  modification  would  be  needed. 

With  this  gin  are  used  1  double  and  1  single  block.  The  latter  is  com- 
posed of  2  side-plates,  the  ends  bent  over  the  cross-heads ;  2  cross  heads; 
2  eyes  riveted  in  the  cross-heads,  and  4  nuts;  1  hook,  1  sheave  (of  brass), 
1  sheave-bolt,  and  1  nut. 

The  double  block  has,  in  addition  to  the  above,  1  partition  and  1 
sheave;  it  has  but  1  eye,  riveted  in  1  cross-head;  the  eye  in  the  other 
is  omitted  and  instead  1  washer  with  eye  and  ring  is  attached  by  the 
sheave-bolt  to  one  side  of  the  block. 

The  photographs  that  accompanied  your  letter  ordering  the  fabrica- 
tion were  the  main  guides  by  which  the  gin  was  made,  and  any  devia- 
tions from  what  was  there  shown  were  accidental,  except  the  substitu- 
tion of  two  bolts  in  each  journal-box  in  place  of  the  two  dowels  shown 
in  the  photograph. 

The  accompanying  plates,  five  in  number,  show  the  details  of  oonstmo- 
tion  and  the  dimensions  of  all  the  parts. 


FELD  ^  SIEGE  GM.  PPER  PATTERN. 
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Appendix   36. 

rB8T8  OF   WHITWORTH  STEEL  FOE  S-INCH  BREECH-LOADINQ   RIFLE 

AND  VZ-INCH  RIFLED  MORTAR. 

tEPOBT  OF  MECHANICAL  TESTS,  MADE  WITH  THE  UNITED  STATES  TEST' 
ING  MACHINE,  CAPACITY  800,000  POUNDS,  AT  WATERTOWN  ARSENAL 
MASSACHUSETTS,    FOR   THE    ORDNANCE    DEPARTMENT,  U.   S.    ARMY> 
WASHINGTON,  D.  C. 

TEBTS  BT  TENSION:  THREE  BARS  STEBL  FROM  TBUNNION  HOOP  12- 
INCH  MOBTAB^  THBEE  BARS  STEEL  FBOM  TBUNNION  HOOP  8-INOH 
BIFLE. 

July  18,  1884. 
No.  317. 


ill"!     I      » 


JWloCttt*^. 


^*^        «^ 


(Hftrks  on  bar,  ^^  ^9^' ;  diameter,  .6M  inch ;  sectional  area,  .26  sqaare  inch.] 


1972 


Applied  loads. 

1 
Per 

Total. 

square 
inch. 

Poundi. 

Pound*. 

250 

1,000 

1.260 

5,000 

2,800 

10,000 

8,760 

15,000 

6,000 

20,000 

6,260 

25,000 

7,500 

SO,  000 

7,760 

81.000 

8,000 

82.000 

8,250 

33,000 

8,600 

34,000 

8,760 

85,000 

9,000 

86,000 

9,260 

87,000 

9,600 

88,000 

9,760 

39,000 

10.000 

40,000 

10.260 

41,000 

10,600 

42.000 

10,760 

48,000 

11,000 

44.000 

11.250 

45,000 

11,600 

46.000 

11,760 

47,000 

12,000 

48.000 

12,260 

49,000 

12,600 

60,000 

12,750 

61,000 

Elonga- 
tion 


Inc 


r 


Inch. 

0. 
.000167 
.000500 
.000660 
.000850 
.001133 
.001483 
.  001518 
.001560 
.001600 
. 001716 
.001783 
.001883 
.001950 
.002033 
.002150 
.002200 
.002333 
.002466 
.002533 
.002650 
.002866 
.003016 
.003200 
.006500 
.008688 
.004066 
.004816 


Saoces- 
si  ve  elon- 
gation 
per  inch. 

Perma- 
nent set. 

* 

Snooes- 
sive  per- 
manent 
set. 

Inch, 

0. 
.000167 
.000338 
.000150 
.000200 
.000288 
.000350 
.000036 

Inch. 

0. 
.000060 
.000267 
.000267 
.000317 
.000400 
.000666 

Inch. 

0. 
.000060 
.000217 
.000000 
.000050 
.000083 
.000166 

.000032 

.000050 

.000116 

.000067 
.000100 

.000750 

.000184 

.000067 

.000087 

.000117 

.000050 
.000133 

.660983 

.000238 

.000183 

.000067 

.000117 

.000216 
.000150 

.001488 

.000460 

.000184 

.000800 

.000183 

.000888 

.000260 

.002888 

.000860 

Bemarks. 


Initialload. 


Probable    elastio 
limit 


^T 
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1  i 


T  .; 


Pounds. 
13,  000 

13,  250 
13,500 
13,750 

14,  000 
14, 250 

14,  500 
14,750 

15,  000 
15, 250 
15,  500 
16.750 
16,000 
16, 250 
16,500 
16,750 
17,  0<i0 
17,  250 
17,500 
18,000 
18,500 
19.000 

19,  500 

20,  000 

20,  500 
21,000 

21,  500 

22,  000 

22,  500 

23,  000 
23, 500 
23,680 


20,450 


square 
iuch. 


Pounds. 

52,  000 

53,  000 
54,000 
55,000 
56,000 

57,  000 

58,  000 
59,000 
60,  000 
61,000 

62,  000 

63,  000 
64,000 
65,000 

66.  000 

67,  000 
68, 000 
69,000 
70,  000 
72,  000 
74,  000 
76,  000 
78,  000 
80,  000 
82,  COO 
84.000 
86,  000 
88.000 
90,  (JOO 
92, 000 
94.  000 
94,720 


Elnnga- 

tiou  per 

inch. 


Inch. 

.  0(14666 
. 004933 
.  005633 
.  006016 
.  006550 
.  006916 
.  0U7983 
.  008566 
. 009466 
. 009866 
.010900 
.011306 
.012516 
.013400 
.  0144.50 
.015150 
.016633 
.017833 
.019533 
.  020883 
.  024060 
. 026233 
.  030066 
. 033500 
.0417 
.0450 
,0500 
.  0583 
.  0658 
.  0783 
.  0'J83 
.1183 
.1400 


Sncces- 
|8ive  elon- 
gation 
I  per  inch. 


Inch. 
.  000350 
.  000267 
, . 000700 
.  000383 
. 000534 
. 000366 
. 001067 
. 000583 
.  000900 
. 000400 
.  001034 
.000466 
.001150 
.000884 
. 001050 
.  000700 
.001483 
.001200 
.  001700 
. 001350 
.  003183 
.  002167 
.  003833 
.  003434 
.  0082 
.  0033 
.0050 
.0083 
.0075 
.0125 
.0200 
.0200 
.1217  • 


Perma- 
nent set. 


Snccea- 
sive  per- 
manent 
set. 


Inch. 


Inch. 


.004066  I     .001683 


.007183 


.003117 


.  010916 


.  003733 


.01G683 


.  005767 


Remarks. 


Hicrometer 
moved. 


re- 


intim&t«  atrength.' 

Load   at    time  of  1 
fractnre. 


GENERAL  SUMMARY. 

Specific  gravity 7. 

Hardnesa 2L65 

Tensile  strenpth  per  square  inch  of  original  section  ponndt. .     H,  711 

Elastic  limit not  well  defined. 

Elongation  per  iuch  after  rupture  inch..         .175 

Elongation  per  inch  under  strain  of  elastic  limit  '* 

•  Reduction  in  diameter  at  point  of  ruptnre inch..         .IW 

Reduction  in  area  after  rupture,  per  centum  of  onginal  section 47. 

Position  of  rupture one-fourth  inch  from  middle  of  steu 

Character  of  broken  surface fine,  silky,  onp-shaped  eadi 

Elongation  of  inch  sections :  .09  inch,  .15  inch,  .18  inch  (.37  inch  fractured  section),  .10  inch,  10  issl 
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^ 


No.  318. 

Tr*€uAMre\ 


> 


/^ 


d" 


^ 


[Marks  on  bar,  ^^  1972      '  (li^meter,  .564  inch;  sectiona]  area,  .25  square  inch.] 


Applied  loads. 


Total. 


Touixdu. 
250 
1,250 
2,500 
3,750 
5,000 

6,  il50 
6,500 
6,750 
7,000 

7,  L'50 
7,«00 
7,750 
8,000 
8,250 
8,500 
8,750 
9,000 
0,250 
9,500 
9,750 

10,000 
10.  250 
10, 500 
10,  750 
11,000 
11,250 
11,500 
11,750 
12,  000 
12, 250 

12.  500 
12,750 
]»,000 

13,  250 
13,  500 
13,  750 
14, 000 
14,250 
l4,5tK) 
14. 750 
15,000 
15,250 
15,500 
15,750 
16.  000 
16,250 
16,500 
16.750 
17,000 
17. 250 
17,500 

18,  000 
18,500 

19,  (M>0 

19,  500 

20,  000 
20,500 
21. 000 
21,500 
22,000 

22,  .500 
23,000 

23,  500 
24,000 
24,500 
25,  000 
25, 140 
22,600 


Per 
sqnare 
inch. 

Found*. 

l.dOO 

5,000 

10,  000 

15. 000 

20, 000 

25,  000 

26,  000 

27,  000 

28,  000 
29,000 
30,  000 
31,000 
32,  000 
33,000 

34,  000 

35,  000 
36,000 
37,000 
28,000 
30,  000 

40,  000 

41,  000 

42,  000 

43,  000 
4i,  000 

45,  000 

46,  000 

47,  000 
48,000 
49,  000 
50,000 

51.  (100 

52,  000 
53,000 

54,  000 

55,  000 
56,000 
57,  000 
68,000 
59, 000 
60,000 
01,  000 

62,  000 

63.  000 
64,000 
65. 000 
66.000 
67, 000 
68,000 

69.  000 

70,  000 
72,  000 
74, 000 
76.000 
78,  000 
80.000 
82.  000 
84,000 
86.  000 
88,000 
90.000 
92,000 
94,0^)0 
96,  000 
98,  000 

100,000 
100.560 


Elonga- 
tion per 
inch. 


Inch, 
0. 
.000116 
.  000283 
. 000433 
.  OOOCOO 
.000816 
.  O0U866 
.  000900 
.  000382 
.  000983 
.001016 
.001060 
.001150 
.00 II 83 
.  001233 
.  001283 
.001333 
. 001350 
.001450 
. 001500 
.  001533 
.001633 

.  oomoo 

.001716 
.  001783 
.  001833 
.001916 
.001983 
.  002083 
.002150 
.  0022.^0 
. 002366 
. 002433 
. 002600 
.002816 
.  0020^3 
.003183 
. 003450 
. 003783 
.004150 
.004616 
.005016 
. 005783 
.  0062^3 
.  0070:i3 
. 007913 
.  008.^66 
.000316 
. 010466 
. 011250 
.012483 
.  01.38^3 
. 016050 
.  018383 
. 020733 
. 023333 
.  0260''3 
.  0*29083 
.  032483 
.  036  «33 
.040400 
.0450 
.0617 
.0613 
.0717 
.0900 
.1083 


Succes- 
sive elun- 

f^ation 
per  inch. 

Perma- 
nent set 

liuih. 

0. 

0. 

0. 

0. 
.  000016 
.  000116 

Succes- 
sive per-  1 
manent  1 
set. 

Inch. 

0. 
.  000116 
.000167 
.000150 
.000167 
.000216 
. 000050 

Inch. 
0. 

0.   1 
0.   . 
.  000016 
• .  OOOIUO 

.  000034 

.  000083 

.  OUODOO 

••••«••••* 



.  000033 
. 000050 

.  000133 

.  000017 

.  000084 



.  000033 

• 

. oooono 

. 000050 
. 000050 

.  000200 

.  000067 

. 000017 

.000100 

• 

. 000050 

.  000033 
•COO 100 

.  000316 

.  000116 

. 000033 
. 000050 

.  000067 

.  000050 
.  000083 

.000450 

.000134 

. 0000b7 

.  000100 

. 000067 

.000100 
.000116 

.000666 

. 000216 

.  000007 

.000107 

.U00216 

.000167 
. 000200 

.001183 

.  000517 

.  0OO2G7 

.  000333 

.  000373 

.  000466 
. 000400 

.  002933 

.  001750 

.  ......... 

. 000667 

.000500 

.  000750 
.  000880 
.  000653 

.065556 



.  002617 


Kemarks. 


Initial  load. 


Elastic  limit 


. 000750 
. 001050 
. 000784 
.  001233 
.  001400 
.002167 
. 002333 
.  002350 
.  002H00 
.  002750 
.  003000 
.  00,3400 
.  003850 
.  004067 
.0046 
.0067 
.0096 
.0104 
.0183 
.0183 


I     .009813 


004263 


Micrometer      re- 
moved. 


\ 


Oltiroate  strength. 
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6ENEBAL  SUMMABY. 

Speoiflo  grayity : 

HutlneM --- 

Tensile  strength  persqnare  inch  of  orisinal  section,  .i ponnos. 

Elastic  limit  per  sauareinch  of  original  section do... 

Elongation  per  inon  after  rupture inch. 

Elongation  per  inch  under  strain  at  elasticlimit « do... 

Reduction  in  diameter  at  point  of  mptnre do... 

Bedaction  in  area  after  rupture,  per  centum  of  original  section 1*2 

Position  of  rupture 2  inches  fro«  net 

Character  of  broken  surface dull,  spongy  center,  60  per  cent. ;  fine  graniiUr  at  circuialiBnBn,  • 

per  cent. 

Elongation  of  inch  sections:  .00  inch  (.29  inch  fractured  section).  .14  inch,  .15  inch,  11  inch,  M  ImL 


.01 


No.  319. 


h 


L-L^ 


s^        Tr€Leiur0 


LUK^ 


II  I  IN 


[ICsrks  on  bar,  ^^  ^9^' ;  diameter.  .564  inches;  sectional  arw,  .25  sqoars  inch.) 


1972. 


£    I  _i  . 


I   I 


Applied  loads. 


Per 

Total.       square 
inch. 


Pounds. 

250 

1.260 

2,500 

8.750 

5.000 

6.250 

6,600 

6,750 

7,000 

7,250 

7,500 

7,750 

8,000 

8,250 

8,500 

8,750 

9,000 

9,250 

9,500 

9,750 

10,000 

If,  250 

10,500 

10,750 

11,000 

11,250 

11,600 

11,750 

12,000 

12,250 

12,500 

12,750 

18,000 

13,250 

13,500 

13,750 

14.000 

14.250 

14.500 

14,750 

15,000 

15,250 

15,b00 

15, 1W 


Poundt. 
1,000 
5,000 
10,000 
15,000 
20,000 
25,000 
26,000 
27,000 
28,000 
29,000 
30,000 
31,000 
82,000 
33,000 
34,000 
35.000 
36,000 
37,000 
38,000 
30,000 
40,000 
41,000 
42,000 
43,000 
44,000 
45,000 
46,000 
47,000 
48,000 
49,000 
50,000 
51,000 
52,000 
53,000 
54,000 
55,000 
56,000 
57,000 
58,000 
59,000 
60,000 
61,000 
62,000 


I 


Elonga- 
tion  per 
inch. 


Succes- 
sive elon- 
gation 
per  inch. 


Inch. 

0. 
.000083 
.000217 
.000350 
.000516 
.000733 
.000766 
.000833 
.000883 
.000916 
.000950 
.000966 
.001033 
.001083 
.001150 
.001233 
.001283 
.001316 
.001400 
. 001416 
. 001516 
.001566 
.  001616 
.001700 
.001766 
.001800 
.001900 
.001966 
.002116 
.002183 
.002283 
.002416 
.002588 
.002700 
.002983 
.003183 
.003483 
.003716 
.004283 
.004800 
. 005516 
.005783 
.006633 


V- 


Perma- 
nent set 


Inch. 

0. 
.000083 
.000134 
.000133 
.000166 
.000217 
.000033 
.000067 
.000050 
.000033 
.000034 
.000016 
.000067 
.000050 
.000067 
.000088 
.000050 
.000033 
.000084 
.000016 
.000100 
.000050 
.000050 
.000084 
.000066 
.000034 
.000100 
.000066 
.000150 
.000067 
.000100 
.000188 
.000167 
.000117 
.000283 
.000200 
.000300 
.000283 
.000567 
.000517 
.000716 
.000267 
.000850 


Inch. 

0. 

0. 

0. 

-.000066 

—.000066 

.000038 


000100 


.000166 


.000266 


.000416 


.000716 


.001416 


.008416 


Succes* 
sive  per- 
manent 
set 


Inch. 
0. 


000066 

.000000 

000099 


.000067 


000066 


.000100 


.000150 


000300 


.000700 


009000 


V 


Initial  load. 


Probable  olaatie 
limit 


\ 


/  ' 


N 
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Applied  loads. 

Elonga- 
tion per 
inch. 

Siicoes- 
sive  »*lon- 

(ration 
per  inch. 

Perma- 
nent set. 

Snoces- 
siv«  per- 
manent 
set. 

\ 

Semarks. 

TotaL 

Per 

square 

incli. 

PtnCndt. 
l«,2iW 
16,  .'WO 
16.750 
17.000 
17, 250 
17.500 
18,000 
18,500 
19,000 
19.500 
20.000 
20,500 
21,000 
21,500 
22,000 
22,  .500 
23.000 
23,500 
24,000 
24,250 

24,500 

21,880 

Poundi. 
65,000 
66,000 
67,000 
6H.000 
69.000 
70.000 
72,  roii 
74,000 
76,000 
78,000 
80.000 
82,000 
84.000 
86,000 
88,000 
90,000 
92.000 
94.000 
96.000 
97,000 

98,000 

Inch. 

.008083 

.0097-6 

.010.^83 

.  01  l!>(a 

.012.350 

.0i3750 

.  015383 

.017716 

.020283 

.022600 

.025816 

.  028333 

.031716 

.035333 

.038833 

.043583 

.0500 

.0583 

.0717 

.0817 

C.0917 

\  .  1017 

Inch. 

.00*750 

.000783 

.  0OOM17 

.OOlOoO 

.000767 

.001400 

.001633 

.0013 '3 

.062567 

.002317 

.0<'2716 

.003017 

.003383 

.003617 

.003500 

.  004750 

.0065 

.0083 

.0134 

.0100 

.0100 

.0100 

Inch. 
.006583 

Jneh, 
.003167 

1 

MioToraeter      re- 
moved. 

Ultimate  streogtli. 

Load  at  time  of 
fractare. 

.011838 

.005250 

• 

* 

GENERAL  SI7MKARY. 

lectfle  intivity 

irdnrss 

»nsiie  strength  per  square  inch  of  original  section ponnds..    98,000 

ast  ic  limit  per  square  inch  of  original  section not  well  d«*flned. 

ongation  per  inch  after  rupture  inch. .        •  185 

ongation  per  inch  under  strain  at  clastic  limit 

'daction  in  diameter  at  point  of  rupture inoh..        .144 

tdai'tion  in  area  after  rupture,  per  centum  of  original  section 44.0 

MriUon  of  rupture 1.85  Inches  from  neck. 

laracter  of  broken  surface . .  dull,  smoky  center,  60  per  cent. ;  fine  granular  at  circumference,  40  per  oent. 

Eloogation  of  inoh  aectlona:  .05  inch,  .07  inch,  .10  inch,  .13  inch  (.84  inoh  fractured  section),  .12  inoh. 


No.  332. 


lit 

iil 


^ 


6' 


"N 


(Marka  on  har,  ^  tof>    ;  diameter  .664  inoh;  aectlonal  area,  .25  square  inoh.] 


Applied  loads. 

Elonga- 
tion per 
inch. 

Succes- 
sive fli  in- 

gallon 
per  inch. 

Perma- 
nent set. 

Succes- 
sive per- 
manent 
set. 

Remarks. 

Total. 

Per 

square 

inch. 

Poundi. 
250 
1, 2ft0 
2,500 
8,750 
5.000 
6,250 
6.500 
6.750 

Poundi. 

1,000 
5,0«M) 
10.000 
15.000 
20,000 
2.S,000 
26,000 
27.000 

Inch. 

0. 
.000083 
.000283 
.000383 
.000550 
.000800 
.0008a3 

000883 

Inch. 

0. 
.000083 
.  000150 
.000150 
.000107 
.000250 
.0000.13 
.000050 

Ineh. 
0. 
0. 
0. 
0. 
0. 

Inch. 
0. 

Initial  load. 

.oooiie 

.000116 

1                1 

-••••••   •   m 

1 

6191  OBD- 


■36 
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Applied  loads. 


Total. 


Pound*. 

7,000 

7,250 

7,800 

7,760 

8,000 

8.250 

8.600 

8,760 

9,000 

9,250 

9.600 

9,760 

10,000 

10.250 

10.500 

10,750 

11,000 

11,260 

11,500 

11,750 

12.000 

12,250 

12,500 

12,750 

18.000 

13.250 

18,600 

18,750 

14.000 

14,260 

14,500 

14,750 

15.000 

15,500 

18,000 

18,500 

17,000 

17,500 

18,000 

18,500 

19,000 

19,500 

20,000 

20.600 

21.000 

21, 500 

22.000 

22,500 

23,000 

23,030 

19,100 


Per 

sqoAre 
mch. 


Pound*. 
28,000 
29,000 
30.000 
81.000 
82,000 
38,000 
84,000 
35.000 
38.000 
37.000 
38,000 
89.000 
40.000 
41.000 
42,000 
43.000 
44,000 
45,000 
48.000 
47,000 
48.000 
49.000 
50,000 
61.000 
62,000 
53,000 

'54,000 
56.000 
68,000 
57,000 
58,000 
60,000 
60,000 
82,000 
84,000 
86,000 
88,000 
70,000 
72,000 
74,000 
78.000 
78.000 
80,000 
82.000 
84.000 
88,000 
88,000 
90,000 
92.000 
92,120 


Elonga- 
tion per 
inch. 


Inch. 

.000986 

.001050 

.001100 

.001188 

.001233 

.001300 

.001400 

.001433 

.001483 

.001550 

.001850 

. 001718 

.001888 

.001988 

.002068 

.002166 

.002400 

.002800 

.002868 

.008088 

.003533 

.003983 

.004750 

.005033 

.005700 

.008283 

.007000 

.007550 

.008288 

.008900 

.009750 

.010860 

.011718 

.013150 

.  015188 

.017888 

.020100 

.022433 

.024883 

.027650 

.031650 

.0350 

.0883 

.0450 

.0517 

.0583 

.0807 

.0883 

.1150 

.1283 


Sncoes- 
•Ito  elon- 
gation 
per  inch. 


Inch. 
.000083 
.000084 
.000060 
.000006 
.000067 
.000087 
.000100 
.000033 
.000050 
.000087 
.000100 
.000088 
.000150 
.000100 
.000100 
.000100 
.000234 
.000200 
.000266 
.000200 
.000487 
.000460 
.000767 
.000283 
.000687 
.000683 
.000717 
.000550 
.000718 
.000834 
.000850 
.000900 
.001086 
.001434 
.002011 
.002700 
.002234 
.002333 
.002450 
.002787 
.004000 
.0034 
.0033 
.0067 
.0087 
.0086 
.0084 
.0188 
.0317 
.0133 


Perma- 
nent set 


Inch. 


000233 


000418 


000800 


001150 


003018 


005533 


009400 


Snecea- 

aive  per* 

manent 

set. 


Ineh. 


.000U7 


000183 


.000184 


.000550 


001868 


002517 


003867 


ProlMkble    elaatie 
limit. 


Miorometer 
moved. 


re- 


ITltimAle  atrengtli. 
Load   at   time  of 
ftactore. 


'  t 


OBNERAL  SXTMHABY. 

Specific  gravity 

Hardneaa 

Tensile  atrennrth  per  square  inch  of  original  section pounds..       98,1^ 

BLmUo  limit  per  souare  inch  of  original  section not  well  defined. 

Elongation  per  incn  after  rapture inch..         .171 

Elongation  per  inch  nnder  strain  at  elastic  limit 

Redaction  in  diameter  at  point  of  rapture inch..        .17^ 

Redaction  in  area  after  rapture,  per  centum  of  original  section Bl 

Position  of  rupture three-fourths  inch  fh»m  ned 

Character  of  hroken  surface fine,  silky,  cnp-ehaped  end 

Elongation  of  inch  sections:  .07  inch,  .11  inch,  .11  inch,  .14  inch,  .18  inch  (.41  ineh  flraotoied 
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lylo.  333. 


LK-= 


JL^hJ 


8INR. 


[l£ftrka  on  bar,  "  \^j2    '»  <U*meter,  .564  inch;  seotioiua  area,  .26  ■quare  inoh.] 


Applied  loads. 


Total. 


Pottfidt. 

260 

1,260 

2,500 

8,750 

6^000 

6,260 

5,500 

6,760 

6,000 

6,260 

6,600 

6,760 

7.000 

7,250 

7,500 

7,760 

8,000 

8,260 

8,600 

8,760 

9,000 

0,250 

0,600 

0,750 

10,000 

10,260 

10,500 

10,750 

11,000 

11.250 

11,600 

11,750 

12,000 

12,260 

12,500 

12,780 

13,000 

18,250 

18.500 

13,750 

14,000 

14,250 

14.600 

14,750 

16,000 

16,500 

16,000 

16,500 

17,000 

17,500 

18,000 

18,500 

19,000 

10,500 

20.000 

20,500 

21.00U 

21.500 

22,000 

22,500 

22,900 

19,400 


Per 

square 
inch. 


Pound9. 
1,000 
5,000 
10.000 
15,000 
20,000 
21,000 
22,000 
23,000 
24,000 
26,000 
26,000 
27.000 
28.000 
20,000 
30,000 
81,000 
82,000 
83,000 
84,000 
85,000 
36,000 
37,000 
88,000 
80,000 
40,000 
41.000 
42,000 
43,000 
44.000 
45.000 
46,000 
47.000 
48,000 
49.000 
60,000 
61,000 
62,000 
63,000 
54,000 
65.000 
56.000 
67.000 
58,000 
60,000 
60,000 
62,000 
64,000 
66,000 
68.000 
70,000 
72,000 
74.000 
76,000 
78,  000 
80,000 
K2.000 
84.000 
86,000 
88.000 
90,000 
91.960 


Elonga- 
tion per 
incn. 


Inch. 

0. 
.000088 
.000260 
.000416 
.000533 
.000566 
.000588 
.000633 
.000683 
.000783 
.000783 
.000883 
.000883 
.000933 
.001000 
.001050 
.001133 
.001166 
.001216 
.  001316 
.001366 
.001400 
.001488 
.001566 
.001650 
.001750 
.001883 
.002000 
.  002150 
.002233 
.002516 
.00-2683 
.003133 
.003500 
.004566 
.004850 
.005233 
.006050 
.006566 
.007066 
.  007816 
.  008516 
.000466 
.  010016 
.011133 
.  013000 
.  015500 
.017100 
. 010916 
.022366 
.025133 
.027900 
.031400 
.033566 
.030650 
.04:i3 
.0500 
.0583 
.0083 
.0867 
.1300 


Sncces- 
siTe  elon- 
gation 
per  inch. 


0. 
.000083 
.000167 
.000166 
.000117 
.000033 
.000017 
.000050 
.000050 
.000060 
.000060 
.000060 
.000050 
.000050 
.000067 
.000060 
.000088 
.000033 
.000050 
.000100 
.000050 
.000034 
.000083 
.000083 
.000084 
.000100 
.000133 
.000117 
.000150 
.000083 
.000283 
.000167 
.000460 
.000367 
.001066 
.000284 
.000383 
.  000817 
.  000516 
.000500 
.000750 
.000700 
.000950 
.000550 
.001117 
.001867 
.002500 
.001600 
.002816 
. 002450 
.  002767 
.  002767 
.003500 
.002166 
.006084 
.0037 
.0067 
.0083 
.0100 
.0184 
.0433 


Perma- 
nent set 


Inch. 
0. 
0. 
0. 
0. 
0. 


.000060 


.000160 


.000316 


.000488 


.000850 


.002866 


.006166 


.009066 


Snooee- 

siTe  per' 

manent 

set. 


Ineh, 
0. 


.000060 


.000100 


.000166 


.000197 


.000867 


.002016 


002300 


003900 


BemarlES. 


Initial  load. 


Probable    elastio 
Umit. 


Micrometer     re- 
moTcd. 


\ 


Ultimate  strength. 
Load  at  time  of 


\ 
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GENERAL  SUMMARY. 

8p«oiflo  ipvTity 

uardneM -••• 

Tensile  strength  p«r  tqaare  inch  of  uri^i aid  section poinds..  ll,NI 

Elastic  limit  per  souare  inch  of  original  section not  well  deflocd. 

Elotigation  per  incQ  after  ruptare inch..   .130 

Elongation  per  Inch  under  strain  at  elastic  limit ■ 

Redaction  in  diameter  at  point  of  raptnre inch..   .04 

Redaction  in  area  after  ruptare,  per  centamof  original  section B.S 

Position  of  rupture  » inches  from  miifl*. 

Character  of  broken  surface fine  ailkj  cnp-shaped  esii. 

Elongation  of  inch  sections:  .08  inch,  .11  inch,  .14  inch,  .35 inch  (J37  inch  fhMtnred  soetion),  .Uiseh. 


:  .    « 


No.  334. 


I 


9^ 


[Marks  on  bar,  8  IN.  R. ;  1072 ;  diameter,  .564  inch ;  sectional  area,  .25  square  inch.] 


Applied  loads. 


Total. 


Pounda. 

250 

1,250 

2,500 

3.750 

5,000 

5.250 

5,500 

5.750 

6,000 

6,250 

6.500 

6,750 

7,000 

7,250 

7,500 

7,750 

8,000 

8,250 

8,500 

8,750 

9,000 

9,250 

0,500 

0.750 

10,000 

10, 250 

10.500 

10,750 

11.000 

11,250 

11,500 

11,750 

12,  000 

12,250 

12,  500 

12,750 

13.000 

13,250 

13.500 

13, 750 

14,  000 

14,250 

14,500 

14,750 

15,000 

15,500 

16,000 

16,500 

17.000 

17,  5  0 

18.000 

1«,U00 
17,000 


Per 

square 

inch. 


Pounds. 
1,000 
5,000 
10,000 
15,000 
20,000 
21.000 
22,000 
23,000 
24.000 
25,000 
26,000 
27,000 
28.000 
29.000 
30,000 
31,000 
32,000 
33,000 
34,000 
85,000 
36,000 
37,000 
38,000 
39,000 
40.000 
41,000 
42.000 
43.000 
44,000 
45,000 
46.000 
47,000 
48,000 
49,000 
50,000 
51.000 
52,000 
.53,000 
54,000 
55,000 
56,000 
57,000 
58,000 
59.(00 
60.000 
62,000 
64.000 
66.000 
6H,000 
70,000 
72,000 
14,(i00 
7ft,  0V» 


Elonga* 

tion  per 

incn. 


Inch. 

0. 
.000116 
.000283 
.000416 
.000583 
.000600 
.000650 
.000683 
.00U766 
.000833 
. 000933 
.001016 
.001100 
.001250 
.  001333 
. 001450 
.001633 
.001733 
.001966 
.002133 
.002466 
.002683 
. 003183 
.003633 
.004850 
.005300 
.005966 
.0066.33 
.007633 
.008416 
.009550 
. 010483 
.011883 
.012583 
.  014050 
.015066 
.  016500 
. 017250 
.  018916 
.020333 
.  022233 
.  0236:i3 
. 025400 
.027200 
.029300 
.033700 
.038233 
.044200 
.  051466 
.058533 
.0733 
.0883 
.Weft 


Succes- 
sive  elon- 
gation 
per  inch. 


\ 


Inch. 

0. 
.000116 
.0Q0167 
.000133 
.000107 
.000017 
.000050 
.0OUU33 
.000083 
.000007 
.  000100 
.000083 
.000084 
.000050 
.000083 
.000117 
.000183 
.000100 
.000233 
.000167 
.000333 
.000217 
.000500 
.000450 
.001217 
.000450 
.000666 
.000667 
.OOIOUO 
.000783 
.001134 
.000933 
.001400 
.000700 
.001467 
.001016 
.001434 
.000750 
.001666 
.001417 
.001900 
.001400 
.001767 
.001800 
.002100 
.004400 
.004533 
.005967 
.007266 
.007067 
.0148 
.0150 


Perma- 
nent set. 


Jneh. 

0. 

0. 

0. 

0. 
.000016 


.000133 


.000466 


.001083 


.003516 


.006833 


.012233 


.018333 


.  027016 


Succes- 
sive per- 
manent 
set. 


Jneh. 
0. 


.000016 


.000117 


000333 


.000617 


.002433 


.003317 


.005400 


.006100 


.008683 


Initialload. 


Probable  elastic 
limit. 


\ 


V 


Micrometer      r»> 
moved. 

Ultimate  strength 
VVmA.  at  time  of 


X 


/ 
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OSNBBAL  SUMMARY.; 

SiMoiile  gnTlty 7.8606 

HardaeM 16.91 

Tensile  stren^h  per  square  Inch  of  original  seotlon pounds..    76,000 

Slastio  limit  per  sauare  inch  of  original  section not  well  defined. 

Xlongation  per  incn  after  rupture inch..      .1738 

Slongat  ion  per  inch  under  strain  of  elastic  limit 

Seduction  in  diameter  at  point  of  rupture inch..      .164 

Bednction  in  area  after  rupture,  per  centum  of  original  section 47.3 

Position  of  rupture 60  inch  from  middle  of  stem. 

Character  of  broken  surface dull,  silky  center,  60  per  cent.;  fine  granular  at  circumference,  40 

per  cent ;  surface  of  bar  has  mottled  appearance. 

McngaHoM  of  inch  sections:  .16  inch,  .20  inch  (.43  inch  fractured  section),  .13  inch,  .09  inch,  .04  inch. 


/ 
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Tenea».  i  *angmtlat,  AA.HB.  BS.  J  J. 
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TBSTS  BY  TENSION:  FIVR  SPECIMENS  WHITWORTH  STEEL  PROM 
JACKET  OF  SlNCH  BREECHLOADINa  RIFLE;  TWO  SPECIireRS 
WHITWORTH  SIEELlFROM  TUBE  OF  8INCH  BUEECH  LOADING  B1PL& 

Anguat  5,  1884. 


m 


6' 


.  k.  ^_ 


No.  375. 


Frcueturt 


—  9' 


jH. 


■^W    H^H    ^^    ^^    ■ 


(liArka  on  bar,  A.  A. ;  dUmeter«  .564  inch;  86ctioiud  area,  .25  aqoare  inch.] 


r 


'  1 


^ 


: 


Applied  load*. 


Totol. 


Pound*. 

250 

1«250 

2,A00 

8.750 

6.000 

6.250 

7,600 

7,750 

8,000 

8,250 

8.S00 

8,750 

0,000 

0.260 

0,500 

9,750 

10.000 

10, 250 

10.600 

10,760 

11.000 

11,260 

11,600 

11,750 

12,000 

12,260 

12,500 

18,000 

13,  .'WO 

14.000 

14,600 

15,000 

16,600 

16,000 

16,600 

17,000 

17,600 

18,000 

18,600 

19.000 

19.600 

20,000 

20,600 

21,000 

21,600 

21,720 

21,100 


Per 

eqaare 

inch. 


Pounds. 
1.000 
6,000 
10,000 
15.000 
20,000 
26.000 
30,000 
31.000 
32,000 
33,000 
84,000 
35,000 
86,000 
37.000 
88,000 
30,000 
40,000 
41,000 
42,000 
43,000 
44,000 
45,000 
46.000 
47.000 
48,000 
49,000 
50,000 
52,000 
64.000 
66,000 
68.000 
60^000 
62,000 
64.000 
66,000 
68,000 
70,000 
72,000 
74.000 
76,000 
78,000 
80,000 
82,000 
84,000 
86,000 
86,  MO 


Elonga* 

iioD  per 

inch. 


Inch, 

0. 
.000067 
.000233 
.000400 
.000567 
. 000733 
.000933 
.001000 
.001038 
.001067 
.  001200 
.001267 
.001333 
.001400 
.001700 
.001900 
.002433 
.002700 
.003307 
.004133 
.006333 
.  00»913 
.006700 
.007533 
.  008.'^33 
.000167 
.OlOuOO 
.012000 
.013500 
.015667 
.018200 
.019033 
.022367 
.024908 
.028867 
.031600 
.035400 
.0433 
.0500 
.0533 
.0600 
.0700 
.0838 
.0967 
.1300 
.1667 


8ncci»8 
ftive  elon- 
gation 
per  inch. 


Ineh. 

0. 
.000067 
.000166 
.000167 
.000167 
.000166 
.000200 
.0000ft7 
.000033 
.000034 
.000133 
.000067 
.000066 
.000067 
.000300 
.000200 
.000533 
.000267 
.000667 
.000766 
.001200 
.000600 
.000767 
.000833 
.001000 
.000634 
.001333 
.  OOl.'iOO 
.001500 
.002167 
.002533 
.001733 
.002334 
.002666 
.003034 
.002733 
.003800 
.0079 
.0067 
.0033 
.0067 
.0100 
.0183 
.0134 
.0333 
.0867 


Perma- 
nenl  act. 


Inch. 
0. 
0. 

a 
0, 
0. 

0. 

.000067 


.000200 


.001100 


.004267 


.008633 


Sncoea- 

aive  per 

nianent 

set. 


Ineh  . 

0. 


.000067 


.000133 


.000900 


001167 


Remarka. 


Initial  load. 


SlaaUclimtt. 


004266 


Mieromatar      ra- 


Ultimate  ifmicth. 
Load  at  ilma  of 
fraotnra. 


I   i  I  i 
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OENSRAL  SUMHABY. 


toeeiflo  ({nrity. 


DeDsile  at rengi b  per  aqnare  inch  of  original  sect iou . . . , pounds . .      86, 880 

Bla»ticliinit  per  square  inch  of  original  aectiou do....      87,000 

Elongation  per  incn  after  rupture inch..    .02188 

Elongation  prr  inch  underetrain  at  elastic  limit.  do 001400 

iteduction  in  diameter  at  point  of  rupture do —    .094 

Reduction  in  area  aflerrupture,  per  centum  of  original  section y 30.8 

Position  of  rupture 35  inch  from  middle  of  stem. 

Shacaoter  of  broken  surface granular,  70  per  rent.;  30  per  cent,  of  the  fracture  took  an  obliqoa 

courae  across  the  bar,  apparently  through  a  seam. 

Xlongation  of  inch  sections:  .14  inch  (.29  inch  fractured  section),  .21  inch. 


No.  376. 


_ 


^<atffeci"e 


fliarks  on  bar,  B.  B. ;  diameter,  .564  inch ;  sectional  area,  .25  square  inch.) 


Applied  loads. 


TotaL 


Pound». 

250 

1,250 

2,600 

8.750 

6.000 

6,250 

7.900 

7.750 

8.000 

8.250 

8,500 

8.750 

9,000 

9,250 

9.500 

9,750 

10,000 

10,250 

10,500 

10,750 

11,000 

11,250 

11,500 

11,750 

12.000 

12,250 

12.500 

18,000 

18.500 

14,000 

14,500 

15.000 

15.500 

16,000 

16,600 

17,000 

17,600 

18,000 

18,500 

19,000 

19,500 

19,720 

19,800 


Per 

square 

iaoh. 


Poufuff. 
1,000 
5,000 
10,000 
15,000 
20,000 
26,000 
30,000 
81,000 
82,000 
83,000 
.34,000 
85.000 
36,000 
87,000 
88,000 
89,000 
40,000 
41.000 
42,000 
48.000 
44,000 
45.000 
46.000 
47,000 
48,000 
49,000 
50.000 
62,000 
64,000 
66,000 
68,000 
60.000 
62,000 
64.000 
66.000 
68,000 
70,000 
72.000 
74,000 
76,000 
78,000 
78,880 


Elonga- 
tion per 
inch. 


0. 
.000188 
.000267 
.000400 
.000638 
.000900 
.001188 
.001200 
.001267 
.001800 
.001533 
.002067 
.008300 
.004100 
.006267 
.006767 
.0O7M7 
.008800 
.000267 
.000867 
.010533 
.011883 
.012767 
.013000 
.  015100 
.016000 
.017388 
.019400 
.021838 
.024600 
.027000 
.031667 
.035767 
.088783 
.044667 
.050333 
.058000 


.0783 
.0033 
.1167 
.1600 


Suoces- 
aire  elon- 
gation 
per  inch. 


Inch. 

0. 
.000188 
.000184 
.000183 
.000233 
.000267 
.000238 
.000067 
.0OUO67 
.000033 
.000233 
.000534 
.001238 
.000800 
.002107 
.000600 
.001200 
.000333 
.000967 
.000600 
.000666 
.001300 
.000934 
.000833 
.001500 
.000900 
.001383 
.002067 
.002533 
.002667 
.003000 
.004067 
.004100 
.002966 
.006984 
.005666 
.007667 
.0068 
.OlfO 
.0150 
.0234 


Penna> 
nent  set. 


0. 

0. 

0. 

0. 
.000183 
.000167 
.000283 


001067 


006488 


010283 


016438 


Succes* 

sire  per> 

manent 

set. 


Inth. 

0. 


.000133 
.000034 
.000066 


000884 


.006366 


.008800 


.006200 


Bemarks. 


Initial  lo^ 


Elastlo  limit 


Micrometer 
moTed. 


Ultimate  strenffth. 
Load  at  time  of 
fractora. 
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GENERAL  SUMMARY. 
Speeiflc  gnrity 

TflM^nMM -- .-... 

T«iuil6  strength  per  •qnare  Inch  of  orlsinal  section pounds..      71,811 

XiAStio  limit  per  saoare  inch  of  originsl  section do —      S1,W 

XkmgAtion  per  inch  after  rupture faich..    0.M 

Elongation  per  inch  under  strain  st  elastic  limit do mm 

Reduction  in  diameter  at  point  of  rupture do 114 

Reduction  in  area  after  rupture,  per  centum  of  original  section X>4 

PoeitUm  of  rupture «0  inch  from  aecL 

Ghaiaeter  of  broken  surface fine  granular.    Dull  spot  at  circumference  of  fractured  surface.   PSn 

cracks  developed  on  cylindrical  surface  of  bar  in  the  ricinity  of  tk 

fracture. 

Elongation  of  inch  sections:  .13  inch,  .15  inch  (.29  inch  ftractured  section). 


No.  377. 


. ) 


i\   i 


1 


-o^stur^' 


^ J^ 


- 


[Marka  on  bar,  J  J ;  diameter,  .5<M  inch ;  sectional  area,  .25  square  inch.] 


Applied  loads. 


Total. 


Pounds. 

250 

1,250 

2,500 

8.750 

5,000 

6,250 

7.500 

7,750 

8,000 

8,250 

8,500 

8.750 

9,000 

9,250 

9.500 

9.750 

10,000 

10,250 

10.500 

10,750 

11,000 

11.250 

11,500 

11,750 

12,000 

12,250 

12.500 

18,000 

18,500 

14,000 

14.500 

15,000 

15,500 

10,000 

18.500 

17,000 

17.600 

18,000 

18,500 

19.000 

19,500 

10.830 

17,000 


Per 

square 
inch. 


Pounds. 
1,000 
6,000 
10,000 
15,000 
20.000 
25,000 
80,000 
31.000 
82,000 
83,000 
84.000 
85.000 
30.000 
37,000 
38,000 
39.000 
40.000 
41,000 
42,000 
43.000 
44,000 
45.000 
40.000 
47,000 
48,000 
49,000 
50,000 
52,000 
54,000 
50.000 
58,000 
60,000 
62,000 
64.000 
66,000 
68,000 
70,000 
72,000 
74.000 
76.000 
78.000 
79.820 


Elongn* 

tion  per 

inch. 


Inch. 

0, 
.000138 
.000267 
.000400 
.000600 
.000800 
.001300 
.001067 
.002633 
.003100 
.003067 
.004500 
.005333 
.006(K)0 
.006933 
.007467 
.008300 
.008933 
.009767 
.010600 
.011933 
.012600 
.  013700 
.014433 
.015733 
.016567 
.018100 
.020067 
.022900 
.025400 
.028100 
.031300 
.035400 
. 039733 
.045633 
.050600 
.059667 
.0700 
.0800 
.0967 
.1267 
.1800 


Succes- 
sive elon- 
gation 
per  inch. 


Jnek. 

0. 
.000133 
.000134 
.000133 
.000200 
.000200 
.000500 
.000667 
.000666 
.000467 
.000867 
.000533 
.000833 
.000667 
.000933 
.  0005.^4 
.000833 
.000633 
.000834 
.000833 
.001333 
.000667 
.001100 
.000733 
.001300 
.000834 
.001533 
.001967 
.002833 
.002500 
.002700 
.003200 
.004100 
.004333 
.005900 
.004967 
.009067 
.010338 
.0100 
.0167 
.0300 
.0538 


Perma- 
nent set. 


Inch. 

0. 

0. 

0. 

0. 

0. 
.000100 
.000867 


003267 


006833 


010833 


016067 


onccee- 
slve  per- 
manent 
set. 


Inch. 
0. 


OOOIOO 
000267 


002900 


003566 


004000 


005234 


Initial  load. 


Elastic  limit. 


Micrometer      re- 
mored. 


Ultimate  strength. 
Load  at  time  of 
flracture. 
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0. 


70.820 
80.000 


GENERAL  SUMMARY. 

teoiflo  grayity 

Ardness ••••• 

BDtile  strength  per  square  inch  of  urigiual  nectiou pounoa. . 

laatio  limit  per  sauare  inch  of  original  section t'C" 

longation  per  incti  aftei  ruptaro  inch.. 

iongation  per  inch  under  siraiu  at  flnatlc  limit do  ... 

Bduotion  in  diameter  at  poiut  of  iuj>tmo .-   do 

Dduction  in  area  after  rupture,  per  oentum  of  original  ftection v  * " "  i__  •_ 

jBition  of  rupture v ':'•'H^J^^T^^^V^^^C' 

baraoter  of  broken  surface granular.    Dull  spot  at  ciraumference,  and  small  duUpookets  in  tne 

i^ranular  metal.    Cracks  developed  on  the  oylindrioal  annaoe  of 

bar  in  vicinity  of  fractura. 

■longation  of  inch  sections :  .17  inch,  .27  inch  (.26  inch  fractured  section). 


.001800 
.lOi 
38.5 


r 


No.  378. 
lb 


sebs^ 


[Marks  on  bar,  H  H ;  diameter,  .564  inch ;  sectional  area,  .25  square  inch.] 


Applied  loads. 


Total. 


Per 

square 

inch. 


Pound*.  I  Pounds. 


250 

1.250 

2,500 

3,750 

5,000 

5,250 

5,500 

6,750 

6,000 

6.250 

6,500 

6,750 

7,000 

7,250 

7,500 

7,750 

8,000 

8.250 

8,500 

8,750 

9,000 

0,250 

9,500 

9.750 

10,000 

10, 250 

10,500 

10,750 

11,000 

11,250 

11,500 

11,750 

12,000 

12,250 

12,500 

12, 750 


1,000 
5,000 
10,  00!) 
15,000 
20,000 
21,000 
22,00u 
23,000 
24,000 
25,000 
26,000 
27,000 
28,  000 
29,000 
30,000 
31,000 
32, 000 
33.000 
34,000 
35,000 
36,000 
37,000 
88.000 
39,000 
40,000 
41,000 
42.000 
43,000 
44,000 
45,000 
46,000 
47,000 
48.000 
49,000 
50,000 
51.000 


Elonga- 
tion per 
inch. 


Bapid  stretching 


11.750 
12.760 
13,000 
13,250 
18,600 
13.750 
14.000 
14,250 


47,000 
51.000 
52,000 
63,000 
54.000 
55,000 
66,000 
67,000 


Inch. 

0. 
.000133 
.000267 
.000400 
.000600 
.000600 
.000633 
.000667 
.000700 
.  000733 
.  000767 
.  OOOKOO 
.  0008113 
.000867 
.000900 
.  000933 
.001000 
.001000 
.001033 
.001067 
.001100 
.001133 
.001167 
.001200 
.  001233 
. 001267 
.001300 
.001333 
.  001367 
.001400 
.001400 
.  001433 
.001467 
.001500 
.001533 
.001733 
Load  fell  to 
.006667 
. 011833 
.0l203:i 
.012333 
.013367 
.0141U0 
.015233 
.015000 


Succes- 
sive elon- 
gation 
per  inch 


Perma- 
nent set. 


-I- 


/ncA. 

0. 

0. 

0. 

0. 
.000033 


Succes- 
sive per- 
manent 
set. 


Inch. 


.000033 


.000067 


.000034 


.000100 


.000083 


.000100 


0. 


Inch. 

0. 
.000133 
.000134 
.000133 
.000200 

0. 
.000033 
.0000:t4 
.000033 
.000033 
.000034 
.  000033 
.  000033 
.000034 
.000033 
.  0000.33 
.000067 

0. 
.000038 
.000034 
.000033 
.0000.33 
.000034 
.000033 
.000033 
.000034 
.000033 
.OOOOiiS 
.000034 
.000033 

0. 
.000033 

.oooo:)4 

.000033 
.000033 
.000200 

47,000  i)ounds  per  square  inch. 
.004934 
.005166 
.000200 
.  000300 
.001034 
.000733 
.001183 
.000067 


Remarks. 


Initial  load. 


.000100 


.000100 


.000100 


0. 


0. 


0. 


.012033 


.011033 


Elastic  limit 


;  I 
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Applied  loads. 

KlonfTN. 

tiuu  per 

inch. 

SacciMi- 
siTe  (Inn- 

gatioii 
per  inch. 

Perma- 
nent t»et. 

Sacces- 
slve  per- 
manent 
set. 

Remarks. 

Total. 

Per. 

square 

inch. 

PoundM. 
14,500 
14,750 
15,(K)0 
15,500 
16,000 
16.  5<  0 
17,000 
17,500 
18,000 
18,500 
IV.  000 
10,500 
20,  000 
20,500 
21,000 
21,500 
22,000 
22,100 
19,100 

Poundt. 
58,000 
50,000 
6'»,000 
62.  000 
64,000 
66,000 
68,000 
70,000 
72,000 
74,000 
76,000 
78,000 
80,000 
82. 000 
84.000 
86,000 
88.000 
88,400 

Jneh 

.01«>67 
.018100 
.  0l02:t3 
.021600 
.  024067 
.  027«  C7 
.  030:{67 
.  033.3:^3 

.  o:)7400 

.042000 
.04«»>e7 
.  052833 
.060500 
.068700 
.0*'33 

.  io;« 

.1433 
.1707 

Inch. 

.001967 

.0012:« 

.0(1))  33 

. 002367 

.  002467 

.  0<I3000 

.  00330«» 

.002966 

.  0(  4067 

.004600 

.004667 

.006166 

.  007^67 

.008200 

.0146 

.0200 

.0400 

.0334 

* 

Inch. 

Inch. 

KicromAter      re- 
mored. 

Ultimate  atmiKth. 
Load  at  time  of 
fhictnre. 

.016800 

'.004767 

■   V  •   V    •  • 

GENERAL  SUMMARY. 


S>eeiflo  graTity 
ardnesA  — • 

Tensile  strength  per  sqnare  inch  of  original  section poanda. 

Elastic  limit  per  square  inch  of  original  section do... 

Elongation  per  inch  after  loptnre inch.. 

Elongation  per  inch  under  strain  ateinstic  limit do... 

Reduction  in  diameter  at  point  of  rupture do... 

Reduction  in  area  after  rupture,  per  centum  of  original  section  .., 

Position  of  rupture 90  inch 

Character  of  broken  snrface fine,  silky ;  trace  of 

Elongation  of  inch  seoUoDS :  .11  inch,  .17  inch  (.39  inch  fractured  section). 


60.009 
O.S» 
.OiflSa 
.151 
47.1 


No.  379. 


5' 


I.  M.M_ 


•^  «' 


I 


[Marks  on  bar,  L  A ;  diameter,  .564  inch;  sectional  area,  .25  square  inch.] 


'  i 


1    ! 


Applied  loads. 


Pounds. 
250 
1,250 
2.500 
8,750 
6.000 
6.250 
6,600 
6.750 
7,000 
1,2S0 


Poundi. 
1,000 
6,0(0 
10,000 
15,000 
20,000 
25,000 
26,000 
27.000 
28,000 


Elonga- 
tion per 
inch. 

Sncces* 
sive  elon- 
gation 
per  inch. 

Perma- 
nent set. 

Rnr^es- 
sive  per- 
manent 
set. 

Inch. 

0. 
.000100 
.000200 
.000400 
.  OOO.'UW 
.000650 
.000750 
.000800 
.000850 

Inch. 

0. 
.000100 
. 000100 
.000200 
.000150 
.000100 
.000100 
.000050 
.000060 
\    .V)R»SSA 

Inch. 

0. 
0. 
0. 
0. 
0. 
.000050 

Inch. 
0. 

• 

".'060650* 

\ .«. 

Initialload. 


/i 


';/) 
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Applied  loads. 


Total 


Poundt. 

7,500 
7.7i50 
8,000 
8,250 
8,500 
8.750 
O.OOO 
9.250 
0.500 
0,750 
10,000 
10. 250 
10.500 
10,750 
11.000 
11,250 
11,500 
11,  7iH) 
12,000 
12, 250 
12,600 
12, 750 
13.000 
13.250 
13.500 
13, 750 
14.  000 
14.  250 
14. 500 
14,750 
15.000 
15,5(K) 
16,000 
16. 5«)0 
17.000 
17,600 
18.000 
18,  5<)0 
19.000 
10,500 
20.  tK)0 
20, 500 
21. 000 
21,.<M)0 
22. 000 
22,500 
2:^,000 
23.500 
24;  000 
24.  070 
20,000 


Per 

square 

inch. 


Poundt. 
30,000 
31.000 
32,000 
33,000 
34.000 
85,000 
36,000 
87.000 
38,000 
30,000 
40.000 
41,000 
42.000 
43,000 
44,000 
45.  000 
46.000 
47,000 
48.000 
49,000 
60,00f 
61.000 
62,000 
53,000 
54.000 
55,000 
56.000 
57.000 
68,000 
60,000 
60,000 
62.000 
64,000 
66,000 
68,000 
70, 000 
72,000 
74,000 
76.000 
78,000 
80  000 
82.  000 
84.000 
86.0(0 
88,000 
90.000 
02. 000 
94.000 
96,000 
06,280 


Elon^a- 

tiou  per 

inch. 


Jneh. 

.000900 

.000000 

.0009.M) 

.0010  0 

.001000 

.001000 

. 001100 

.001150 

.001150 

.  001200 

.001200 

.001250 

.001300 

.001300 

.0011150 

. 001350 

.001400 

.001450 

.001500 

.001500 

.001550 

.001550 

.001600 

.0016(H) 

.001650 

.001750 

.  0083JO 

.00-550 

.0<)9400 

.009700 

.0I06.)0 

.011850 

. 014210 

.0l5h.5O 

.017750 

.02<K)50 

. 022050 

.025150 

.  027050 

.0:10200 

.  033650 

.0350 

.0375 

.0400 

.0476 

.0550 

.0650 

.0>M»0 

.1100 

.1350 


8noc<>«> 
sive  flon< 

gariun 
per  inch. 


Inch. 

0. 

0. 
.000050 
.000050 

0. 

0. 
.000100 
.000050 

0. 
.000050 

0. 
.000050 
.000050 

0. 
.000050 

0. 
.000050 
.00<>050 
.000050 

0. 
.000050 

0. 
.000050 

0. 
.000050 
.  000100 
.006600 
.000200 
.000)<50 
.000300 
.  0009.%0 
.001200 
. 002400 
.001600 
.001900 
.002300 
.002000 
.003100 
.001900 
.  003150 
.003450 
.001350 
.0025 
.  0025 
.0075 
.0075 
.0100 
.0150 
.0300 
.0250 


Pi'mift- 
nent  set. 


Inch. 
.000050 


.000050 


.000050 


.000050 


Succes- 
sive per- 
manent 
stt. 


Jneh. 
0. 


0. 


0. 


0. 


.000050 


.000150 


0. 


.000100 


.008400 


.008250 


Pi^ntanent. 


Elastic  limit 


Micrometer 
moved. 


re- 


Ultimate  strength. 
Losd  at  time   of 
fractures 


6E^fBRAL  SUMHABY. 

Speeiflc  gravity 

Hardness 

Tensile  strength  per  square  inch  of  original  section  pounds.         06. 280 

Elastic  limic  per  square  inch  of  original  section do....       65. 000 

Elongation  p4:r  incn  after  rupture    inch..    0.255 

Elongation  per  inch  under  strain  at  elastic  limit do 001750 

Kednution  in  diameter  at  point  of  rupture do 174 

Reduction  in  area  after  rupture,  per  centum  of  original  section 52.  S 

Position  of  rupture    76  inch  fh>m  ne«k. 

Chaxacter  of  broken  surface fine  silky,  trace  of  granulation.    Cup:shaped  enda, 

Uongatlon  of  inch  sections :  .14  inch  (.87  inch  fhictured  section). 
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No.  380. 


fi 


H 


li 


K^T-p 


[Harks  on  bar,  L.  B  ;  diameter,  .564  inch  ;  ■ectional  area,  .25  ■qnare  inch.  J 


Applied  loads. 


TotsL 


PoiincU. 

250 

1,250 

2,500 

8,760 

5,000 

5,250 

5,500 

5,750 

6.000 

6,250 

6.500 

6,750 

7.000 

7,250 

7,500 

7,750 

8,000 

8.250 

8.500 

8.760 

9.000 

9,260 

9,500 

9,750 

10,000 

10.250 

10.500 

10,750 

11.000 

11.250 

11.500 

11.750 

12,000 

12,260 

12.500 

13,000 

18,500 

14.000 

14.500 

15,000 

15.500 

16,000 

15,500 

17,000 

17,500 

18,000 

18, 500 

19.000 

19.500 

20,000 

20,500 

20.710 

18,000 


Per 

square 

inch. 


1.000 
5.000 
10,000 
15,000 
20.000 
21^000 
22ilD00 
23.000 
24,000 
25,000 
26,000 
27.000 
28.000 
29.000 
30.000 
81.000 
32,000 
33.000 
34.000 
35,000 
36,000 
37,000 
88,000 
89,000 
40,000 
41,000 
42,000 
43.000 
44,000 
'45,000 
46,000 
47.000 
48,000 
49.000 
50.000 
52,000 
54,000 
56.000 
58.000 
60.000 
62,000 
64,000 
66.000 
68,000 
70,000 
72,000 
74,000 
76,000 
78,000 
80.000 
82,000 
82,840 


Elonga- 
tion per 
incn. 


0. 
.000100 
.000250 
.000350 
.000550 
.000550 
.000600 
.000650 
.000650 
.000700 
.000750 
.000800 
.000900 
.000950 
.001000 
.0C1050 
.001150 
.  001250 
.001400 
.001800 
.002150 
.00*»fl50 
.004100 
.004900 
.006000 
.006500 
.007500 
.008200 
.009000 
.009750 
.  010500 
.011000 
.012250 
.012^0 
.014400 
.016100 
.018250 
.  020200 
.0^250 
.025400 
.028700 
. 032250 
.  035.350 
.039550 
.045650 
.050000 
.  050350 
.067600 
.080000 
.1000 
.  13-25 
.1750 


Saoces- 
sive  elon- 
gation 
per  iuclL 


Inch, 

0. 
.000100 
.0Q0150 
.000100 
.000200 

0. 
.000050 
.000050 

0. 
.000050 
.000050 
.000050 
.000100 
.000050 
.000050 
.000050 
.000100 
.000100 
.000150 
.000400 
.000350 
.000500 
.001450 
.000800 
.001100 
.000500 
.001000 
.000700 
.000800 
.000750 
.000750 
.000500 
.001250 
.000550 
.001600 
.  001700 
.  002150 
.001950 
.003050 
.002150 
.003300 
.003550 
.  003100 
.  004200 
.006100 
.004350 
.009350 
. 008250 
.  012400 
.0200 
.  0325 
.0425 


Perma* 
nent  set. 


JficA. 

0. 

a 

0. 
0. 
0. 


Succes* 
sive  per- 
manent 
set. 


Bemarks. 


Iwih. 
0. 


Initial  load. 


000050 


000100 


000650 


.000050 


.000050 


Elastic  limit. 


.000550 


.004450  I    .003800 


.007950       .003500 


.012250 


.004300 


Micrometer      rs- 
mored. 

Ultimate  strength. 
Load   st   time  of 
fracture. 


Specific  gravity. 
Hardness 


GENERAL  SUMMARY. 


Tensile  strength  per  square  inch  of  original  section « pounds..       81; 8i 

Elastic  limit  per  saiuire  inch  of  origiual  section do. . .        81,  M 

Elongation  perincti  after  rupture inch..    0l315 

Elongation  per  inch  uoder  strain  at  elastic  limit #..do...      .09108 

Beduction  in  diameter  at  point  of  rupture do...      .164 

Bednction  in  area  after  rupture,  per  centum  of  original  section I&l 

Position  of  rupture 85  inch  fhrn  neck. 

Character  of  broken  surface gr&nnlar  and  dull  spongy.    Cylindrical  surfkce  of  bar  mottled  is 

vlcinltY  of  fracture. 

Elongation  of  inch  secUons  •.  .\^  \n<i\i  V-^  ^-^^  1t*rXmx^%w^w^» 
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*-       «*  -* 


fHarks  on  bar,  L.  G. ;  diameter,  .SM  inch ;  sootional  area,  .23  Bqnore  inoh.] 


Applied  loode. 


TotaL 


Pound*. 

250 

1,250 

2.500 

8,750 

6,000 

5,250 

5,500 

6.750 

6,000 

e,250 

0,500 

6,750 

7,000 

7,250 

7,500 

7,760 

8,000 

8,250 

8,500 

8,750 

9,000 

0.250 

0,500 

0,750 

10,000 

10.250 

10,500 

10,750 

11,000 

11,250 

11, 500 

11,750 

12,000 

12.250 

12,500 

13,000 

13,500 

14,000 

14,500 

15,000 

15.500 

16.000 

16,500 

17,000 

17,500 

18,000 

18,500 

10,000 

19,500 

20.000 

20,500 

21.000 

21,150 

18,400 


Per 

eqnare 

mch. 


Pound*. 
1,000 
5,000 
10,000 
15,000 
20,000 
21,000 
22,000 
23,000 
24,000 
25,000 
26,000 
27,000 
28,000 
20,000 
80,000 
31,000 
82,000 
88,000 
34,000 
85,000 
86,000 
87,000 
88,000 
89,000 
40,000 
41,000 
42.000 
43,000 
44,000 
45,000 
46,000 
47,000 
48.000 
49,000 
50,000 
52,000 
64.000 
56,000 
58,000 
60,000 
62,000 
64.000 
66,000 
68.000 
70. 000 
72,000 
74.000 
76.000 
78.000 
80,000 
82,000 
84,000 
64,600 


EluDfca- 

tlon   per 

inch. 


Inch. 

0. 
.000100 
.000250 
.000450 
.000560 
.000600 
.000650 
.000700 
.000800 
.000850 
.000850 
.000860 
.000900 
.000950 
.001000 
.001050 
.001050 
.001100 
.001160 
.  001250 
.001650 
.001800 
.002450 
.002950 
.003500 
.003850 
.004650 
.005550 
.006360 
.007100 
.007950 
.008550 
.009650 
.  010350 
.011600 
.013000 
.015500 
.  017100 
.019200 
.022100 
.024650 
.028100 
.031200 
.034500 
.038650 
.043600 
.050000 
.058000 
.0^500 
.077500 
.0975 
.1325 
.1750 


Snccee- 
sive  elon- 
gation 
per  inch. 


Jneh. 

0. 
.000100 
.000150 
.000200 
.000100 
.000050 
.000050 
.000050 
.000100 
.000050 

0. 

0. 
.000050 
.000060 
.000050 
.000050 

0. 
.000050 
.000050 
.000100 
.000800 
.000250 
.000650 
.000500 
.000550 
000850 
.000800 
.000900 
.000800 
.000750 
.000850 
.000600 
.001100 
.000700 
.001250 
.001400 
.002500 
.001600 
.002100 
.002900 
.002550 
.003450 
.003100 
.003300 
.004150 
.004950 
.006400 
.008000 
.007500 
.012000 
.0200 
.0350 
.0426 


Perma- 
nent set. 


Snocee- 

sive  per- 

manent 

•et. 


Bemarks. 


Ineh. 

0. 

0. 

0. 

0. 
.000050 


.000050 


.000100 


.000200 


.002050 


005550 


000600 


Ineh. 
0. 


.000060 


0. 


.000050 


.000100 


001850 


003600 


004050 


Initial  load. 


Elastio  limit 


Micrometer 
moTed. 


pa- 


Ultimate  strengtli. 
Load  at  time  of 
fracture. 


GENERAL  SUMMARY. 

Speoiflo  grayity 

Hardness 

TensUe  strength  per  square  inch  of  orifinal  section jwnnds..       84,600 

Elastic  limit  per  sqnare  inoh  of  or  iieinsS  section ...do...       84,000 

Elongation  per  incii  after  rapture.... inch..    0.28 

Elongation  per  inoh  under  strain  at  elastic  limit do...      .001150 

Reduction  in  diameter  at  point  of  rupture do...      .164 

Reduction  in  area  after  rupture,  per  centum  of  original  section 49l7 

Position  qf  rupture , 65  inch  ftom  neck. 

Character  of  broken  surface — dull  spongy.   Oyliudricai  surface  of  bar  motded  in  Tioinity  of  CcaAtas^ 

Slon^tion  ot  inoh  sections :  .16  inch  (.41  inoh  fractiiTeA.  mqUouV 
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TESTS  BY  COMPRESSION:  FOUR  SPECIMENS  WHITWORTH  STBEL 
FROM  JACKET  OF  8-INCH  BREECH-LOADINa  RIFLE ;  FIYB  SPEQ* 
MENS  WHITWORTH  STEEL  FROM  TUBE  OF  8-INCH  BREECHLOi])- 
INQ  RIFLE. 

August  5,  1884. 


h 


No.  392. 
s'oo 


f  Marks  on  bar,  CO.;  diametar,  .798  inch ;  sectional  area,  .50  aqaare  innh.] 


r. 


Applied  loads. 

Compres- 
sion per 
incn. 

Saooes* 
siveoom- 
presnion 
per  inch. 

Perma- 
nent set 

Sacees- 

si  ye  per 

manent 

set. 

Total. 

Per 

square 

inch. 

Pounds. 
600 
2,600 
6.000 
,        7,600 
10,000 
12.500 
13.000 
13.600 
14.000 
14,600 
16.000 
15,500 
16,000 
16.500 
17,000 
17,500 
18,000 
18,500 
19,000 
19,600 

20.000 

20.600 
21.000 
21.600 
22.000 

Pounds. 
1.000 
2,600 
10.600 
15.000 
20.000 
25.000 
26,000 
27,000 
28.000 
29.000 
30,000 
31,000 
32,000 
33.000 
34,000 
85,000 
86,000 
87.000 
38,000 
39,000 

40,000 

41,000 
42,000 
43.000 
44.000 
45,000 

Inch. 

0. 
.000075 
.000250 
.000425 
.000525 
.000700 
.000750 
.000775 
.000800 
.000826 
.000860 
.000900 
.000976 
.001000 
.001025 
.  001050 
.001125 
.001550 
.002300 
.003625 
(.004225 

(.004450 
.004676 
.005225 
.006050 
.006675 
.007400 

Jneh. 

0. 
.000075 
.000175 
.000175 
.000100 
.000176 
.000050 
.000025 
.000025 
.000025 
.000025 
.000050 
.000075 
.000025 
.000025 
.  000)  r25 
.000075 
.000425 
.000750 
.001325 
.000600 

.000226 
.000225 
.  000550 
.000825 
.000625 
.000725 

Jneh. 
0. 
0. 
0. 
0. 

a 

0. 

Ineh, 
0. 

iBitiAl  load. 

ElasHo  limit 
Bapid  deflectioa. 

Bested  under  load 

one  boor. 
Compreaaion  and 

set  after  rest. 

Test  diaoontiaiied. 



0. 

0. 

.003000 

.003000 

22.600 

.005750 

.002750 

il 


GEySRAL  SUMMARY. 


Blasticllmit  per  square  incb  of  orij^nal  section ponnds. 

Compression  per  inch  under  strain  at  elastic  limit iaob. 


.OOUl 


;    1 


i     1 
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No.  393. 


sloo 


[ICuks  on  bu,  I)  I) ;  dluMter.  .706  inoh ;  saotlonal  mm^  .60  iqiiAre  laoh.] 


▲ppUadloftdi. 

Compree- 

■lonper 

Inon. 

Snooee- 
slve  oom* 
preesion 
per  inch. 

Permft- 
neniiet 

Snooee- 
sire  per- 
manent 
■et 

BumarlM. 

Total. 

Per 

iqiutfe 

Inch. 

600 
9,500 

6^000 

7,500 

10,000 

19,500 

18,000 
18,600 
14.000 
14.600 
16,000 
15,600 
16,000 
16.600 
17,000 
17,500 
18,000 
18,600 
19,000 
10,600 
20,000 
20,500 
21.000 
21,600 
28,000 
82,000 

PowMto. 

1,000 

6,000 

10,000 

16.000 

0. 
.000160 
.000800 

.AfMUBA 

Inch, 

0. 
.000160 
.000160 
.000160 
.000160 
.000150 
.000126 
.000026 
.000026 
.000050 
.000025 
.00C050 
.000026 
.000075 
.000075 
.000075 
.000226 
.000626 
.000876 
.001126 
.000876 
.000600 
.000860 
.001150 
.000725 
.001060 

0. 
0. 
0. 
0. 
0. 
0. 

0. 

Tnltlalload. 

• 

Blaotio  limit. 
Bapid  defleetton. 

Teatdlaoontittaed. 

20,000      .000600 
26,000      .0007110 

26,000 
27,  WO 
28,000 
20,000 
80,000 
81,000 
82,000 
88,000 
84,000 
86,000 
86,000 
87,000 
88.000 
80,000 
40,000 
41,000 
42.000 
48,000 
44,000 
4^000 

.000675 
.000000 
.000025 
.000076 
.001000 
.001050 
.001076 
.001150 
.001225 
.001800 
.001526 
.002050 
.002026 
.004050 
.004025 
.005726 
.006575 
.007726 
.008450 
.009600 

.000060 

.000060 

.000260 

.000200 

.008426 

.008176 

.007726 

.004800 

6BNEBAL  SUlilCABY. 

laeMo  limit  per  iqaare  inoh  of  original  section poonda..       I%M0 

ompreaaion  per  inch  onder  atrain  at  daatlo  limit inoh..     .001076 

ompreasion  per  inch  nnder  86,000  poonda  per  iqaare  inch do.... 

6191  OBD 37 
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[ICarks  on  bar,  B  B ;  diameter,  .798  inch ;  sectional  area,  .50  square  inch.] 


h 


Applied  loads. 

Compres- 
sion per 
inch. 

Succes- 
sive com- 
pression 
per  inch. 

Perma* 
nentset. 

Suooes- 
sire  per- 
manent 
set. 

1 

! 
1 

TotaL 

Per 

square 
inch. 

i 
1 

1 

Poundt. 
500 
2,600 
5,000 
7,500 
10,000 
12,500 
13,000 
13,500 
14,000 
14,500 
15,000 
15,500 
16,000 
16,500 
17,000 
17,500 
18,000 
18,500 
19,000 
19,500 
20,000 
20,500 

Poundt. 
1,000 
5,000 
10,000 
16,000 
20,000 
25,000 
26,000 
27,000 
28,000 
29,000 
30,000 
31,000 
.32,000 
33,000 
34.000 
35,000 
36,000 
37,000 
38,000 
39,  000 
40, 000 
41   000 

Inch. 

0. 
.000175 
.000325 
.000450 
.000600 
.000800 
.000875 
.000925 
.000950 
.000975 
. 001025 
.001075 
.001160 
.001200 
.  001300 
.  001875 
.004475 
.005800 
.006500 
.007275 
.  008175 
.008825 
.009800 
.  010575 
.  011500 
.012550 

Inch. 

0. 
.000175 
.000150 
.000125 
.000150 
.000200 
.000076 
.000050 
.000025 
.  000025 
.000050 
.000050 
.000075 
.000050 
.000100 
.  000575 
.002600 
. 001325 
.000700 
.000775 
.000900 
.000650 
.000975 
.  000775 
.000925 
.001050 

Inch, 
0. 
0. 

a 

0. 
.000075 
.000100 

Inch. 
0. 

Initial  iMd. 

.000075 
.000025 

.000125 

.000025 

ElastioliBiit 
Bapid  dellaction. 

Testdisoontinued. 

.000800 

.000675 

.006750 

.006050 

21, 000         42  000 

21,500 
22,000 

48,000 
44,000 

22,500 

45,000 

.011000 

.004250 

GENERAL  SUMMARY. 

Slasticlimit  per  square  inch  of  original  section pounds..    33, M 

Compression  per  inch  under  strain  a^*.  elastic  limit inch..  .00190 

Compression  per  inch  under  34, 000  pounds  per  square  inch ...\ do OCUO 


»    I 


il 
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No.  395. 


6:00 


[Marka  on  bar,  1 1 ;  diameter,  .798  inch ;  sectional  area,  .50  sqnare  inob.] 


Applied  loads. 


Total. 


Pounda. 
500 
2,500 
5,000 
7,500 
10,000 
12,500 
13,000 
18,500 
14, 000 
14,500 
15.000 
15,500 
16,000 
16.500 
17,000 
17,500 
18,000 
18,500 
19,000 
19,500 
20,000 
20,500 
21,000 
21,500 
22.000 
22,500 


Per 

sqnare 

inch. 


Poundt. 
1,000 
5,000 
10,000 
15. 000 
20,000 
25,000 
26,000 
27,000 
28,000 
29,000 
30,000 
31,  000 
32,000 
33,  000 
34,000 
35.  000 
36,000 
87,000 
38, 000 
39,000 
40,000 
41,  000 
42,000 
43, 000 
44,000 
45,000 


Com- 
pression 
per  inch. 


Ineh. 

0. 
. 000225 
.000450 
. 000550 
.  000725 
.  000925 
.001000 
.  001050 

001123 
.  001225 
.001350 
.  001550 
.  002125 
.  002425 
.002700 
. 003200 
.  003575 
.  004125 
.  005250 
.006025 
.  006675 
. 007375 
. 008125 
.  008975 
.  009700 
.010450 


Succes- 
sive cora- 
1  pression 
per  inch. 

Ineh. 

0. 
.000225 

.000225 
.000100 
.000175 
.  000200 
.000075 
.000050 
.000075 
.000100 
. 000125 
.000200 
.  000575 
.  000300 
.000275 
.000500 
.  000375 
.000550 
.001125 
.000775 
.000650 
.000700 
.  000750 
.  O008.')0 
.  000725 
.  000750 

Perma- 
nent set. 

Inch. 

0. 
.000025 
.000025 
.000025 
.000050 
.000150 

Sncoes- 
sive  per- 
manent 
set. 

Remarka. 

Ineh. 

0. 
.000025 

0. 

0. 
.000025 
.000100 

Initial  load. 
Elaatio  limit 

Peroeptible  deflec- 
tion. 

Teat  diacontinaed. 

••••■••■•■ 

"••••••••• 

.000375 

.000225 

.001900 

.001525 

.005100 

.008200 

.008800 

.003700 

GENERAL  SUMMARY. 

Xlaaticlimlt  per  sqnare  inch  of  original  section. ponnda..        87,000 

Compreaaion  per  inch  andcr  strain  at  elastic  limit inch..      .001050 

Compreaaion  per  inch  nnder  36, OUO  pounds  per  square  inch do 00857ft 
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No.  396. 


6.00 


(MatIu  on  bftr,  K  K ;  dUmetor,  .796  inoh ;  MotiooAl  ftrea,  .50  aqiiare  ineh.] 


AppUedloAds. 

Com- 
preMion 
per  inoh. 

Soccee- 
tive  com- 
preMion 
per  inch. 

Perma- 
nent set. 

Sncoee- 
■ire  per- 
manent 
•et 

Bemaxks. 

Total. 

Per 

•qnuo 
Inoh. 

PoMMto. 
500 
^500 
8,000 
7,500 
10,000 
1^500 
18,000 
18,500 
14,000 
14,500 
15,000 
15,500 
16,000 
16,500 
17,000 
17,500 
18,000 
18,500 
19,000 
19,600 
90.000 
20,500 
21,000 
21.500 
22,000 
22,500 
28,000 
28,500 
94,000 
K500 
98,000 

Pound». 
1,000 
5,000 
10,000 
15,000 
20,000 
26,000 
26,000 
27,000 
28,000 
29.000 
80,000 
31,000 
82,000 
88,000 
84,000 
86,000 
86,000 
87,000 
88,000 
89,000 
40,000 
41,000 
42,000 
43,000 
44.000 
46,000 
46,000 
47,000 
48.000 
49.000 
50.000 

Inck. 

0. 
.000100 
.000276 
.000475 
.000576 
.000600 
.000625 

Ineh. 

0. 
.000100 
.000175 
.000200 
.000100 
.000225 
.000026 
.000026 
.000026 
.000060 
.000026 
.000050 

Inek. 
0. 
0. 
0. 

a 
a 
a 

Intk, 
0. 

InitUlliwd. 

XlMtioHmit 

PeroeptibtedflOee- 
tion. 

TeetdiM0iitiBV6d. 

.000850 
.000876 
.000926 
.000950 
.001000 

0. 

.001025  1     .000025 

.001060 
.001100 
.001200 
.001250 
.001275 
.001900 
.001826 
.001425 
.001650 
.001750 
.002675 
.008825 
.005000 
.005276 
.006050 
.006700 
.007500 
.008750 

.000025 
.000050 
.000100 
.000060 
.000025 
.000026 
.000026 
.000100 
.000126 
.000200 
.000926 
.001150 
.  001176 
.000275 
.000675 
.000750 
.000800 
.001250 

0. 

0. 

.008875 

.003876 

********* 

.006n6 

.003400 

t      V 


GENERAL  SUMHABY. 

XlMtlo  Hmit  per  eqnare  inoh  of  orif(in«l  Motion 

Compreesion  per  inoh  under  ■train  at  eUetio  limit '..ineh 

Compreeaion  per  inoh  under  42,000  pounds  per  equare  inoh do 

The  direotiou  of  defleotion  waa  roToroed  aa  the  loada  were  inereaaed  fhmi  48,000  povada  p«  aqaa 
Inoh  to  60,000  pounda  per  eqnare  inoh. 


.0014 
.0617 


\\\ 
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No.  397. 


sloo 


IKwkaoBbtr,  If  If ;  diameter,  .7W  inob ;  sectioiMl  ana,  .(0  tqoare  Ineh.) 


Applied  loAde. 

Com- 
preesion 
per  Inoh. 

Saocee- 

sive  oom- 

presslon 

periooh. 

Perm** 
nent  let 

Saooee-w 
sire  per- 
mftDent 
set. 

Bemarke. 

TotaL 

Per 

aqoAre 

iBCh. 

Povndt. 
600 
2.600 
6,000 
7,600 
10,000 
10,600 
11,000 
11.600 
12,000 
12,600 
13,000 
18,500 
14,000 
14,600 
16,000 
16,600 
16,000 
16,600 
17,000 
17.500 
18,000 
18,500 
19,000 
19,500 
20,000 
20,600 
21,000 
21,600 
22,000 
22,600 

PowndM, 
1.000 
6,000 
10,000 
16.000 
20.000 
21,000 
22,000 
23,000 
24.000 
26,000 
26,  000 
27,000 
28,000 
29,0U0 
30,000 
31,000 
32,000 
38,000 
84,000 
85,000 
36.000 
37.000 
88,000 
89,000 
40,000 
41,000 
42,000 
48,000 
44,000 
46,000 

Indi, 

0. 
.000126 
.000800 
.000500 
.000675 
.000675 
.000750 
.000725 
.000750 
.000800 
.000675 
.000900 
.000050 
.000050 
. 000975 
. 001075 
.001225 
. 001450 
.001750 
.  002000 
.002500 
. 002850 
. 003100 
.003925 
.004400 
.004775 
.005350 
.005025 
.006675 
.007875 

Inek. 

0. 
.000126 
.000175 
.000200 
.000175 

0. 
.000075 
.000025 
.000025 
.000050 
.000075 
.000025 
.000050 

0. 
.000025 
.000100 
.  000150 
.000225 
.000300 
.000250 
.000500 
.  000350 
.000250 
.000825 
.000475 
.000375 
.000575 
.  000575 
.060750 
.000700 

Inek. 

0. 

0. 

0. 
.000050 
.000100 

Inch, 
0. 

Tnitialload. 

SlMtic  limit 

Perceptible  defleo- 
tion. 

Teit  dieoontiiiiied. 

.666056 
.000050 

.000125 

.066625 

.000125 

0. 

.000950 

.000825 

.003000 

.002060 

.006760 

.002750 

GENERAL  SUMMARY. 

BlMlie  limit  per  aqiuure  loch  of  original  section ponnda..    80,000 

Compraa»ion  per  inoh  under  strain  at  elastic  limit inch..  .000976 

GompreBaio&  per  inoh  under  88,000  ponnds  per  square  inoh do...  .001460 

Thwe  waa  no  appreoiable  permanent  enlargement  of  the  diameter  of  the  bar  at  (me  end  i  along  th« 
nlddle  of  ita  lengtn  and  at  the  other  end  the  enlargement  in  diameter  was  .008  inoh. 
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No  398. 


.5.00 


[Marks  on  bar,  N  N ;  diameter,  .798  inch ;  sectional  area,  .50  square  inch.] 


Applied  loads. 

Com- 
pression 
per  inch. 

Saoces* 
sive  com- 
pression 
I>er  inch. 

Perma- 
nent set 

Sacoes* 

sive  per- 

man  ent 

set. 

Remarks. 

TotoL 

Per 

square 

inch. 

Pounds. 
500 
2,500 
5.000 
7,500 
10,000 
12,500 
13,000 
13,500 
14,000 
14,500 
15,000 
15.500 
16,000 
16,500 
17,000 
17,500 
18,000 
18,500 
19,000 
19,500 
20.000 
20,500 
21,000 
21,500 
22.000 
22,500 

Pounds. 
1,000 
5,000 
10,000 
15,000 
20,000 
25,000 
26,000 
27,000 
28,000 
29,000 
30,000 
31,000 
32,000 
33,000 
34,000 
35, 000 
36,000 
37,000 
38,000 
39,000 
40,000 
41,000 
42,000 
43,000 
44,000 
45,000 

Inch. 

0. 
.000150 
.000275 
.000450 
.000625 
.000775 
.000775 
.  000875 
.000925 
.000975 
. 001125 
.001250 
.001525 
.  002100 
.002625 
.  003300 
.003950 
.004650 
.  005175 
. 005975 
.006700 
.007250 
.007950 
.008725 
.009475 
.  010175 

Inch. 

0. 
.000150 
.000125 
.000175 
.000175 
.000150 

0. 
.000100 
.000050 
.000050 
.  000150 
.000125 
.000275 
.000575 
.000525 
.000675 
.000650 

Inch. 

0. 

0. 

0. 

0. 
.000025 
.000050 

Inch. 
0. 

Initialload. 

.666025* 
.000025 

Elastio  limit 

.000225 

.000175 

1 

Perceptible  defleo- 

tiOD. 

..  ...... 

......... 

.002225 

".'662666" 

.000700 
.000525 
.000800 

.......... 

.......... 

.000725 
.000550 
.000700 
.000775 
.000750 
.000700 

.005175 

.002950 



1 

• 

.008500 

.003325 

Teatdisoontinaed., 

1 

GENERAL  SUMMARY. 

Blaatio  limit  per  square  inch  of  original  section poonds.. 

Oompreaaion  per  inch  under  strain  at  elastic  limit inch.. 

Oompreaaion  per  inch  under  33,000  pounds  per  square  inch do... 
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Ortuhing  specimen. 
No.  399. 


688 


V 


d.004 


(Hsrks  on>ar,  F  F ;  length,  8.005  inches ;  dUmeter,  .7965  inoh  j  seotional  uea,  .486  squwe  Inoh.] 

Speolmen  loaded  with  74,700  poiind83l60,000  per  aqoftre  inoh. 
iMstortion  took  plAoe  by  deflecting  latenily  and  the  aidee  sweUing. 
Length  of  speoimen  After  the  teet,  1.68  inches. 


Crushing  specimen. 
No.  400. 


[ICftrkB  onihar,  QQ{  length, 8.008  inches ;  diameter,  .7965  indhj  seetional  area, .496  squwe  ineh.] 


F.  H.  PAUKTO. 
Mt^  Ordnemm  Dtpartmmi,  IT.  8,  Anmif,  Oommtmaktg. 
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APPENDIX   87. 


THE  BARBETTE  CARRIAGE  FOR  15-INCH  SMOOTH-BORE  GUN 

AND  11-INCH  RIFLE. 

(2  PLATES.) 
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APPENDIX  88. 


PROPOSED  10-INCH  STEEL  BREECH-LOADING  RIFLE. 

( 1  PLATE. ) 


687 


PLATE  I. 


3.  L.  STEEL  RIFLE 
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Appendix  39. 


SHOWINa  STATIONS  AND  DUTIES  OF  THE  OFFICERS  OF  THE  ORDNANCE 

DEPARTMENT  ON  OCTOBER  1,  1884. 


Bank  ftad  luume. 


BBIOADOB^UnSAlk 

8teph«i  Y.  BanAt 

COLORBLS. 

1.  J.  HoAUitter,  bi«Tet . . 
3.  8.  CrltplB,  brml 

S.  T.  G.  Baylor,  breTet^... 


Chief  of  OrdsAnoe. 


LnuraAHT'CoLOHSXA 
1.  J*.  IL  WUttemore 

a.  A.  B.  BnfBngton 

3.  D.W.  Flagler,  breTet 

4.  A.  Mordecal,  breret 

Majobb. 

1.  8.  C.  Lyford,  breret  lienten 
ant-ooloDeL 


a.  F.  H.  Parker,  breret 

:3.  J.P.Failay 

4.  HaBabbitt 

A.  W.A.lCane 

•6.  LAmoldtJr 

7.  CComly 

8.  J*.  B.  MoGinneaa,  breret.  < 

9.  G.W.HoKee, breret...., 

10.  F.  H.  Phippa,  breret .... 
CAFTAnrs. 

1.  J.  W.  Beilly,  breret 

3.  J'.A.SLreaa,  Dreretmi^or 

8.  O.  B..Mlohaelia,  breret . . 

4.  CE-Datton 

5.  J.G. Bailer 


Conunanding  the  Benloift  Araenal . . . 
Commanding  the  Ordnance  Agenoy. 

Commanding  the  Kew  York  Araenal, 
preaident  of  the  Ordnance  Board, 
and  member  of  Board  on  Foundry 
for  HearieatCannon^Jto.,  and  Prea- 
ident of  Board  for  Teating  Rifled 
Cannon,  Ac, 


On  dnty  in  the  office  of  the  Chief  of 

Ordnance. 
Commanding  the  National  Armory  . . 
Commanding  the  Bock  Island  Arae- 

naL 
Commanding  the  Waterrliet  Arsenal . 


Commanding  the  Frankford  Araenal, 
and  Preaident  of  Bxecntire  De- 
partments Board,  World's  Indna- 
trial  and  Cotton  Centennial  Exhi- 
bition, 1884. 

Commanding  the  Watertown  Arae- 
nal and  member  of  Board  for  Test- 
ing Rifled  Cannon,  See. 

Commanding  the  United  Statea  Pow- 
der Depot. 

Commanding  the  Fort  Monroe  Ar- 
senaL. 

Commanding  the  Angnsta  Arsenal. . 

Commanding  the  San  Antonio  Arae- 
nal. 

Instmetor  of  Ordnance  and  Onnnery, 
United  SUtea  Military  Academy. 

Commanding  the  Saint  Lonis  Pow- 
der Depot 

Member  of  the  Ordnance  Board  and 
member  of  Board  for  Testing  Ri- 
fled Cannon,  Ao. 

Commanding  the  Kennebec  Arsenal 


Commanding  the  Allegheny  Arsenal. 

Commanding  the  Indtanapolis  Arse- 
nal. 

Aselstuit,  Frankford  Arsenal 

On  duty  under  the  Interior  Depart- 
ment. 

Assistant,  Rock  Island  Arsenal 


Addreaa. 


Waahington,D.C. 


Benioia,  CaL 

Comer  of  Houston  and 

Oreene  streeta,  New  York. 

Poot^ffice  box  18U. 
Goremor's     laland.     Knr 

York  City.  Poat^oaboK 

1449. 


Waahington,  D.  C. 

ft;>rin^eld,  Maas. 
Rock  laland,  m. 

Weet  Troy,  N.  Y. 


Philadelphia,  Pa. 


Watertown,  Maaa. 

Dorer,  N.  J. 

Fort  Monroe,  Ya. 

Angnsta,  Ga. 
San  Antonio,  Tex. 

West  Point,  N.Y. 

Jefferson  Barraeka,  Md. 

Ooremor's  Island,  Naw 
York  City.  Poat^oabox 
1448. 

Augnata,  Me. 


Pittaburgh.  Pa. 
Indianapolis,  Ind. 

Philadelphia,  Pa. 
Geological  Survey,  Waahing- 
ton, D.  C. 
RockIsbmd,ia 
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8taiion9  and  dutiea  of  the  offioera  of  the  Ordnance  D^artmenif  ^c. — Continned. 
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Rank  and  name. 


CAPTAnf»— Oontinaed. 


0.  C.  Bryant 


7.  A.  L.  Vamey. 
a  J.C.Cliflrord. 
9.  J. E.  Qreer... 


10.  J.  Pitman . 

11.  G.  Shaler. . 


12.  H. Metcalfe... 

13.  W.  8.  Starring. 

14.  C.S. Smith.  ... 


16.  S.  £.  Blunt 


16.  F.  Heath 

17.  D.  M.  Taylor,  A.  D.  C 


18.  D.A.Lyle 


19.  J.  Rockwell,  Jr. 

20.  J.O.  Ayres 


First  Libutshaiitb. 

1.  M.W.Lvon 

2.  C.  W.  Whipple 


3.  A.  H.  Russell. . 

4.  R.  Bimie,  jr... 

5.  I.  MacNutt.... 

6.  C.  C.  MorrlBOD. 

7.  F.Baker 

8.  O.  B.  Mitcham . 


9.  H.D.Bomp 
10.  L.L.Bmflf.. 


11.  C.H.  Chirk 

12.  W.M.Medcalfe 


13.  William  Crozier. 

14.  W.B.  Gordon  ... 


15.  F.E.Hobb8  .. 

16.  D.  A.  Howard 


Ordnakck  Storbkeepbrb. 


A.  S.  M.  Morgan,  captain. 
W.  H.  Rexford,  captain  .. 

D.  J.  Younp,  captain 

M.  J.  Grealish,  captain. . . 
V.  McNally ,  captain ...... 


Commanding  the  Yanconver  Bar- 
racks Ordnance  Depot  and  Chief 
Ordnance  Officer,  Department  of 
the  Columbia. 

Assistant,  Rock  Island  Arsenal 

Assistant,  Watervliet  Arsenal 

Commanding  the  Fort  Leavenworth 
Ordnance  Depot  and  Chief  Ord- 
nance Officer  Department  of  the 
MissourL 

Assistant,  Watertown  Arsenal 

Member  of  the  Ordnance  Board  and 
member  of  Board  for  Testing  Rifled 
Cannon,  &c. 

Assistant,  Watervliet  Arsenal 

Assistant.  National  Armory 

Principal  Assistant  in  the  Ordnance 
Bureau. 

Chief  Ordnance  Officer,  Department 
of  Dakota. 

Assistant,  National  Armory 

To  the  Commanding  General  Divis- 
ion of  the  Pacific. 

On  foundni'  ^°t^<  "°^  member  of  the 
Board  on  Life-saving  Apparatus, 
&c.,  under  the  Secretary  of  the 
Treasury,  and  Member  of  Board 
for  Testing  Rifled  Cannon,  &o. 

Commanding  the  Fort>  Abraham  Lin- 
coln Ordnance  Depot. 

Assistant,  Beuioia  Arsenal 


Assistant,  Watertown  Arsenal 

On  duty  with  the  Ordnance  Board. 


Addreaa. 


Assistant,  Benicia  Arsenal 

On  foundrj'  duty 

Assistant.  Frankford  Arsenal 

AsHistant,  Rock  Island  Arsenal 

Assistant.  Frankford  Arsenal    

Commandiuj2  the  Clioyeune  Ordnance 

Depot. 
On  foundry  duty 

Assistant  Instructor  of  Ordnance  and 
Gunnery,  United  States  Military 
Academy, 

Asnistant,  National  Armory 

Assistant  to  the  Ordnance  JBoard 


Assistant,  Watertown  Arsenal 

Acting  Assistant  Professor  of  Philos- 
ophy, United  States  Military  Acad- 
emy. 

On  foundry  duty 

Acting  A.ssiHtrtnt  Professor  of  Mathe- 
matics, United  States  Military 
Academy. 


Vanoouver,  Waahingtcm  Ter- 
ritory. 


Rock  Island,  ILL 

Weat  Troy,  N.  Y. 

Fort  Leavenworth,  Kana. 


Watertown,  Mass. 
Governor's       Island,     Xew 

York  City.    Poet-office  box 

1449. 
West  Troy,  N.  Y. 
Springfield,  Maas. 
Waahington,  D.  C. 

Fort  Snelling,  Minn. 

Springfield,  Mass. 
Presidio,  San  Frandaoo,  CaL 

Boston,    Maas.     [Post-office 
box  2253. 


Fort  A.  Lincoln,  Dak. 
Benicia,CaL 


Watertown,  Mass. 
Governor's      Island,      New 

York  City.    Post-office  box 

1449. 
Benicia,  Cal. 
Cold  Spring,  N.  Y. 
Philadelphia,  Pa. 
Rock  Island,  Ill- 
Philadelphia,  Pa. 
Cheyenne,  Wyo. 

Boston,    Mass.      Post-office 

box  2253. 
West  Point  N.  Y. 


Springfield,  Mass. 
Governor's      Island,      New 

York  City.    Poet-office  box 

1449. 
Watertown,  Masa. 
West  Point,  N.  Y. 


Station  G.  Philadelphia,  Pa. 
West  Point,  N.  Y. 


On  duty,  Allegheny  Arsenal Pittsburgh.  Pa. 

On  duty,  Indianapolis  Arsenal !  Indianapolis,  Ind. 

On  duty,  Watervliet  Arsenal i  West  Trov,  N.  Y. 

On  duty,  Augusta  Arsenal AngustA,  tSa. 

On  duty  iu  the  office  of  the  Chief  of  I  Washington,  D.  C. 
Ordnance. 


INDEX. 


Page. 

Accident: 

in  casting  the  body  for  the  12-inch  breech-loading  rifle 8 

Aliibrations  of  sea-coast  carriages: 

progress  of  work 14 

Appendices.    (/Seelist  of,  preceding  index.) 

Ustof... 22 

Apportionment  : 

of  stores  to  the  militia  of  the  States  and  Territories (Appendix  4)        66 

Arming  and  equipping  the  militia: 

issues  of  stores  during  the  fiscal  year  1884 (Appendix  5)        67 

Armt: 

stores  issued  to,  daring  the  fiscal  year  1884 (Appendix  3)        45 

Armament  of  fortifications.    (Appendices  13  to  38  inclusive) : 

progress  in  the  construction  of  experimental  guns  and  the  present  facili- 
ties for  procuring  steel,  &c 7 

hooping,  wire- wrapping,  &c 8 

billets  and  bars  for  wire  guns 8 

forgings  of  Whiiworth  tf*  Co*«.  steel 9 

MiavaU  steel  hoops  and  breech-blocks 11 

8-inch  converted  rifles 12 

alterations  of  sea-coast  carriages 14 

breech-loadiug  devic«?s -.         14 

multicharge  gun 16^ 

the  Yates  gun 16' 

steel  castings  of  the  Otis  Iron  and  Steel  Company 16 

prismatic  powders 17 

primers,  torpedo  lines,  high  explosives 18 

steel  guns  and  carriages 18 

the  10  and  12-incb  muzzle-loading  rifled  mortars 8 

the  casting  of  the  body  of  the  12-inch  breech-loading  rifle  cast-iron,  lined 

with  a  wire- wrapped  steel  tube,  and  the  accident  attending 8 

the  body  for  the  10-inch  breech-loading  rifle,  cast-iron,  wrapped  with  steel 
wire,  is  being  prepared  on  plans  furnished  by  Dr.  W.  E.  Woodbridge 8 

Artillery  practice: 

at  Tbe  Narrows  in  New  York  Harbor 6 

report  of (Appendix  13)      1 13 

Barbette  carriage:  h    ^h 

for  15-inch  smooth-bore  gun  and  11-inch  rifle,  proposed (Appendix  37)      585 

Bayonet  rod  : 

eflbrts  ma<le  to  perfect 5 

description  of  the  rod  bayonet  and  attachment,  and  front  and  rear  sights 
for  the  Springfield  rifle,  model,  1884 Appendix  12)      109 

Billets  and  bars: 

for  wire  guns  from  the  Otis  Iron  and  Steel  Company 8, 432 

BiRNiE,  Likutknant  Rogers,  Jr.  : 

progress  report  upon  the  manufacture  of  fifty  8-inch  coiled  wrought-iron 
tubes,  breech  insertion,  for  conversion  of  10-inch  Rodman  smooth-bore 

gUDS  into  8-inch  muzzle-loading  rifles (Appendices  27,  27a,  276)  335,347,350 

report  upon  the  construction  of  converted  8-inch  rifle  No.  39,  breech  inser- 
tion,  and   examination  of   defect  in  8-inch  coiled  wrought-iron  tube 

No.  39 (Appendix  27ft)      350 

construction  report  of  fifty  8-inch  rifles  converted  from  10-inch  Rodman 
smooth-bore  guns  by  lining  with  wrought-iron  tubes,  breech  insertion  (Ap* 

dix   27c) 365 

report  on  the  manufacture  and  inspection  of  one  hnndred  2i-inch  bronze 
life-saving  guns,  and  one  thousand  two  hundred  projectiles.  (Appendix  28)      369 
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487 
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BiRNiE,  Lieutenant  Rogers,  Jr. — Continned. 

constraction  report  of  3  and  4^  inch  projectiles  with  Batler  sabota  for  mns- 
zle-loading  rmes,  made  at  West  Point  Foundry (Appendix  32) 

manufacture  of  Batler  sabots  for  muzzle-loading  rifles T Appendix  J2a) 

manufacture  of  Eureka  cored  shot: (Appendix  32ft) 

Blunt,  Capt.  S.  E.  : 

new  work  on  target-firing  in  the  Army  being  prepared  by,  for  a  text-book 

of  instruction 6 

Boards : 

reports  of  the  loardfor  te$Hng  rifled  oamum..  .(Appendices  21,  22, 23)  244,277,893 

the  Ordnance  Board.    (See  Ordnance  Board.) 

gun  foundry.    (See  Gun-Foundry  Board.) 
BoRUP,  Lieut.  H.  D.  : 

construction  report  of  an  8-inch  rifle  converted  from  a  10-inch  smooth-boro 
Rodman  Knn  by  lining  with  a  steel  tube (Appendix  26) 

report  on  the  fabrication  of  five  hundred  8-inch  Eureka  cored  snot  by  the 

South  Boston  Iron  Works «.... (Appendix  32ft) 

Breech  cup.    (^MForgings.) 
Breech-loading  devices  : 

the  Mann 

theTates 

Bronze  crosses.    (See  Sharpshooters'  crosses.) 
Brown  or  cocoa  prismatic  powders  : 

samples  of  the  Oerman 

Bruff,  Lieut.  Lawrence  L.  : 

report  on  the  manufacture  of  3.2-inch  steel  breech-loading  ffuns  at  Water- 
town  Arsenal (Appendix  33)  509^532 

BuFFiNOTON,  Lieut.  Col.  A.  R. : 

the  oxidation  of  metallic  parts  of  the  Springfield  rifle (Appendix  9) 

description  of  the  rod  bayonet  and  attachment,  and  front  and  rear  sight  for 

the  Springfield  rifle,  model  1884 (Appendix  12) 

Butler  sabots: 

for  3  and  4iinch  projectiles (Appendix  32) 

manufacture  of (Appendix  32a) 

Cannon.    (SeeQxmB.) 
Carriages  : 

alterations  of  sea-coast 

steel  for  field  service 

partial  trial  of  a  steel  gun-oarriage  for  a  3.2-inch  steel  field  gun  (Appendix 


501 


14 
16 


17 


77 

109 

487 
497 


14 
90 


14) 


report  on  the  construction  of  steel  field  carriages  at  the  Watervliet  Ar- 
senal for  the  3.2-inch  wrought-iron  breech-loiuiing  rifles.. (Appendix  34) 

the  barbette  carriage  for  15-inch  smooth-bore  gun  and  11-inch  rifle  (Appen- 
dix 37) 

Chaffee-Reece  magazine  gun: 

completed  and  ready  for  issue  to  the  Army  for  trial 

Colleges: 

issues  of  stores  to,  during  the  flscal  year  1884 (Appendix  7) 

Committees  : 

select  committees  of  Senators  and  Representatives  for  inquiring  into  the 

capacity,  d^c,  of  the  steel-producing  works  of  the  United  States 

Construction  reports  (See  Reports)  (Guns) : 

list  of  appendices  containing ^ 

Converted  guns:  (5m Reports)  (Guns)  (Forgings). 
Copper-banded  projectiles: 

report  on  solid-band  shell  for  3.2-inch  breech-loading  steel  gjin  (Appendix 


141 
539 
566 

5 
74 


15) 


155 


17 


Du  Pont  dr  Nemours  &  Co. : 

the  manufacture  of  prismatic  molded  powders  with  a  central  perforation.. 
Dynamite  : 

experiments  in  progress  for  use  of,  in  projectiles (See  Appendix  19)  18,215 

Eight-inch  rifles: 

report  of  the  trial  of  an  8-inch  muzzle-loading  rifle  lined  with  a  steel  tube, 
converted  from  10-inch  smooth-bore  Rodman (Appendix  21 ) 

construction  report  of,  above (Appendix  26) 

construction  report  of  fifty  converted  from  10-inch  Rodman  smootn-bore  gnns 

(Appendix  27c) 

Electrical  yibing  appliances  (Appendix  13) : 

magneto-exp\odftT»  ioT  «t\>\\\Bt's  ^TWiMMift 

electrical  pnmei^  C^^^VlQt^  k««o»XA^^^ 


944 
339 

365 

115 
116 


INDEX.  593 

Page 
Eureka  projkctilks: 

report  on  the  fabrication  of  8-inch (Appendix  'SHih)      501 

comparative  examination  of  ten  from  West  Point  foundry  and  from  Sonth 
Boston  Iron  Works (Appendix  iW6)      505 

KXPEMDITURES : 

statement  of  the  expenditures  of  the  Ordnance  Department  for  the  fiscal 
year  1884 3 

EXPKUIMKNTS  : 

with  high  explosives 18 

progress  report  on  explosive  gelatine (Appendix  19)      215 

Explosives,  uian : 

report  on (Appendix  19)      215 

Fabrications  {See  Manufactures) : 

statement  of  principal  articles  procured  by  fabrication  during  the  fiscal 
year  1884 (Appendix  1)        25 

Farley,  Maj.  J.  P. : 

report  of  principal  operations  at  the  United  States  powder  depot  during  the 
fiscal  year  1884 (Appendix  11)        87 

Field  gun  and  carriage,  steel: 

report  of  trial  of  3.2-inoh  gun (Appendix  14)       141 

Field  gun,  steel: 

partial  trial  of  3.2-inch  breech-loading  steel  rifle (Appendix  14)      141 

progress  report  of  trials  of  a  3.2-inoh (Appendix  22)      277 

report  of  manufacture  of  3.2-inch  breech- loading  rifle  at  Watertown  Arsenal 
(Appendix  33) 509 

Field  carriages  : 

report  on  construction  of,  for  3.2-inch  wrought-iron  breech-loading  rifles,  at 
Watervliet  Arsenal (Appendix  34)     ^539 

Field  and  siegk  gin  : 

description  of  the  "Piper  gin" (Appendix  35t)      555 

Firing  practice  : 

report  of  artillery  firing  practice (Appendix  13)      113 

Flagler,  Lieut.  Col.  D.  W.  : 

report  of  the  principal  operations  at  the  Rock  Island  Arsenal  for  the  fiscal 
year,  1884 (Appendix  10)        79 

FoRGiNGS,  steel  (See  also  "  United  States  testing  machine") : 

delays  in  obtaining  the  Whitworth  Sl  Co.'s  steel  for  heavy  guns 9 

the  excellence  of  some  American  manufa<^ures 11 

report  on  the  manufacture  and  tests  of  steel  forgings  by  the  Mid  vale  Steel 

Company  for  conversion  of  guns (Appendix  29)      415 

tube,  breech-cup,  and  muzzle-collar  for  8-inch  breech-loading  rifle  (tests  of) .      417 

rolled  hoops  for  a  12-inch  muzzle-loading  rifled  mortar 418 

hammered  rings  for  a  wire- wrapped  tube  for  12-inch  breech-loading  rifle  . .       423 

hammered  rings  for  repair  of  the  6-inch  Haskell  multicharjg^e  gun 423 

rolle<l  and  hammered  hoops  for  an  8-inch  steel  breech-loading  rifle 424 

forgiu^s  for  the  breech  mechanism  of  12-inch,  10-inch,  and  8-inoh  breech- 

loadmg  rifles,  and  casting  for  10-inch  rifle 428 

the  manufacture  of  steel  for  guas  by  the  Otis  Iron  and  Steel  Company,  and 
tests (Appendix  30)      432 

Foundries,  &c: 

the  appointment  of  select  committees  of  Congress  to  inquire  into  the  capac- 
ity of  the  stt* el-pix>ducing  works  in  the  United  States 7 

Frankford  Arsenal  electrical  primers,  1883: 

satisfactory  results  in  artillery  practice (Appendix  13)      116 

Front  sight  : 

description  of,  for  the  Springfield  rifle  model,  1884 (Appendix  12)      109 

Gardner  machine  gun  : 

the  trials  of  the  improved 6 

report  of  trials  by  the  Ordnance  Board ( Appendix  18)      203 

Gelatine,  explosive  : 

progreHH  report  on,  by  the  Ordnance  Board (Appendix  19)      215 

Gun-foundry  board  : 

its  conclusions  on  the  establishment  of  Government  gun  factories  for  the 
Army  and  Navy 7 

Guns  (See  Armament  of  fortifications ;  Forcings) : 

accident  in  casting  the  body  for  the  12-inch  breech-loading  rifle,  cast-iron, 

with  wire-wrapped  steel  tube 8 

billets  and  bars  for  wire  guns 8 

eight-inch  converted  rifles 12 

6191  OBD 38 
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the6.r>-inch  Mann  gun 14 

trial  of  H.  P.  Mann's  6.5-iDoh  breech -loading  rifled  cannon.  .(Appendix  23)    SS 

the  rt-inch  Yates  jjun 16 

st^Mjl  guDH  for  field  service  (3.2-inclk) 18 

partial  trial  of  a  steel  field  3.2  inch  gun  and   carriage   by  the  Ordnance 

Board  (Appendix  14)     141 

report  on  aoI  id-band  shell  for  3.2-inch  breech-loading  Hteel  gun .  (Appendix  15)     13G 

report,  ou  shrapnel  and  shell  for  3.2-inch  gun .(Appendix  16)     163 

report  on  10-iuch  rifled  mortars (Appendix  17)     171 

report  on  the  Lyman-Haskell  mnlticharge  gun (Appendix  20)     !S1 

re|»ort  of  the  trial  of  an  8-inch  muzzle-loading  rifle  converted  from  a  10-inch 

smooth-bore  Rodman  gun  by  a  lined  steel  tube (Appendix  21)     Ui 

progre^ss  rei>ort  of  trials  of  a  3.2-inch  steel  field  gun (Appendix  22)     V7 

coustructiou  report  of  an  8-inch  rifle  converted  from  a  10-inch  smooth-bore 

K(Nlman  gun  by  lining  with  a  steel  tube ......  (Appendik  26)     3£ 

4'onstrurtion  report  of  fifty  8-iuch  rifles  converted  by  lining  10- inch  smooth- 
bore Rodman  guns  with  wrought-iron  tubes,  breech  insertion  (Appendix 

27c) 3& 

report  on  the  manufacture  of  one  hundred  guns  (2.5-inch)  and  twelve  hun- 
dred projectiles  for  the  life-saving  service ...(Appendix  26)     369 

the  manufacture  of  steel  for  guns  by  the  Otis  Iron  and  Steel  Company  (Ap- 
pendix 30) 4S 

the  physical  properties  of  material  for  gun  construction  of  the  South  Bos- 
ton Iron  Works (Appendix  31)     4-1 

report  of  the  manufacture  of  a  3.2-inch  breech-loading  steel  rifle  at  the 

Watertown  Arsenal (Appendix  33)     5fl9 

^a  proposed  10-inch  steel  breech-loading  rifle (plate)     587 

Hamilton,  Col.  John,  Fifth  Artillery: 

report  of  artillery  practice  at  "The  Narrows, **  New  York  Harbor  (Appendix 

13) 113 

Hammered  rinoh  (See  Forgings): 

for  a  wire- wrapped  tube  for  12-inch  breech-loading  rifle (Appendix  20)     IS 

Haskeli.  multicharob  oux  : 

hammered  rings  for  repair  of  forgings (Appendix  ^)     43 

High  explosives  (See  Appendix  19): 

experiments  with  dynamite — explosive  gelatine 18,21» 

HoBBH,  Lieut.  F.  E.  :  ^ 

ref>ortou  the  manufacture  of  steel  Forgings  of  the  Midvale  Steel  Oompauy 

(Appendix  29) 415 

Hoops  for  quns: 

from  the  Midvale  Steel  Company 8, 11,  IS 

rolled  steel  hoops  for  a  12-iuch  muzzle-loading  mortar  manufactured  by  the 

Midvale  Steel  Company 418 

rolled  and  hammered  steel  hoops  for  an  8-inoh  steel  breech- loading  rifle..      424 
Hotchkiss  magazine  gun: 

ready  for  issue  to  the  Army  for  trial 5 

Hotchkiss  single-barrel,  rapid-firing,  non-rb€Oil  oun  : 

table  of  calil>er,  length  of  bore,  &.c (Appendix  24)     305 

Issues  of  stores: 

to  the  Army (Appendix  3)     45 

to  the  militia (Appendix  5)     67 

to  the  Territories,  under  joint  resolutions  of  Congress (Appendix  6)     73 

to  colleges,  under  section  1225,  Revised  Statutes (Appendix  7)    74 

Lee  magazine  gun  : 

ready  for  isHiie  to  the  Army  for  trial 5 

LiFK-SAVING  GUNS  : 

report  on  the  manufacture  and  inspection  of  100  2.5-inch  smooth-bore  bronze 
guDs  and  1,200  projectiles (Appendix  28)     39 

mechanical  tests  of  the  metal  of  above  with  the  United  States  testing  ma- 
chine       388 

chemical  analysis  of  samples 401 

Lyle,  Capt.  D.  A. : 

construction  report  of  the  B^-inch  Maun  breech-loading  rifle  (Appendix  25)      306 

report  on  the  physical  properties  of  materials  for  gun  oonatrnction  of  the 

South  Boston  Iron  Works (Appendix  31)      481 

Lyman-Haskell  multicharge  gun: 

damaged  in  the  tirings , 16 

i*esultM  of  the  trial  of ---..-.II!!!""       16 
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report  ou  the  trials  of,  by  the  Ordnance  Board (Appendix  20)      231 

hammered  rings  (forgings)  for  repair  of 423 

Hacuine  guns: 

the  improved  Gardner *. 6 

report  of  trial  of  the  improved  Gardner  gun,  caliber  .45 (Appendix  18)      203 

Magazine  guns  : 

the  Lee,  Chaffee-Reeoe,  and  Hotchkiss  guns  are  received  from  the  contract- 
ors, completed  at  the  armory,  and  now  ready  to  be  issaed  jto  the  Army 

for  trial 5 

Magneto  exploders  : 

in  artillery  practice (Appendix  13)      115 

Mann  gun  : 

trial  of,  and  recommendation  of  Board 15 

report  jof  the  trial  of  the  6.5-inch  Mann  breech-loading  rifled  cannon  by  the 
Board  for  Testing  Cannon (Appendix  23)      293 

construction  report  of (Appendix  25)      306 

Mann,  H.  F.  : 

trial  of  his  breech-loading  device,  the  6.5-inch  Mann  gun •. 293 

Manufactures  (8ee  Guns): 

articles  procured  by  the  Ordnance  Department  during  the  fiscal  year  1884 
by  fabrication (Appendix  1)        25 

report  on  the  manufacture  of  8-inch  Eureka  projectiles (Appendix  325)      501 

report  ou  the  manufacture  of  steel  forgings  by  the  Midvale  8teel  Company 
(Appendix  29) ".       415 

report  on  the  manufacture  of  steel  for  gun  construction  by  the  Otis  Iron  and 
Steel  Company (Appendix  30)      432 

of  Butler  sabots (Appendix  32a)      497 

of  3.2-inch  breech-loading  steel  rifle  at  Watertown  Arsenal..  (Appendix  33)      509 

of  metal  field  carriages  tor  3.2-inch  wrought-iron  breech-loading  rifles  at 
Watervliet  Arsenal (Appendix  34)      539 

conHlruction  reports (Appendices  25,  26,  27,  2b,  29,  30,  31,  32,  33,  'M) 

Marksman's  pins: 

are  made  and  being  distributed  to  the  Army ;  also  sharpshooterB'  bronze 

crosses 5 

Mechanical  tests.    (See  United  St  tes  testing  machine.) 
Medals  : 

of  gold  and  silver  for  snccessful  marksmj^nship 5 

Medcalfe,  Lieut.  William  M. 

report  on  the  manufacture  of  steel  for  gun  construction (Appendix  30)      432 

MjBTAL  carriages: 

report  on  the  construction  of,  at  Watervliet  Arsenal,  and  trial  of  the  first 

(Appendix  34) 539 

Metallic  parts: 

oxidation  of  metallic  parts  of  the  Springfield  rifle (Appendix  9)        77 

Midvale  Steel  Company: 

steel  forgings  and  hoops  for  guns 7 

the  quality  of  work  the  highest 11, 12 

report  on  their  manufactures  of  steel  forgings,  &o (Appendix  29)      415 

Militia  : 

importance  of  encouraging  the  formation  of  volunteer  organizations,  &.c..        21 

apportionment  of  stores  for  the  militia  of  the  States.. (value)  (Appendix  4        66 

statement  of  stores  distributed  to  the  States  and  Territories  and  the  Dis- 
trict of  Columbia  during  fiscal  year  1884 ( Ap[>endix  5)        67 

militia  artillery  instruction 125 

MiUTARY  establishments  : 

stores  issued  to  (exclusive  of  the  militia)  during  the  fiscal  year  1884  (Ap- 
pendix 3) 45 

Milling  shop: 

estimate  for,  submitted,  for  the  National  Armory,  Massachusetts 5 

MoRDECAi,  Lieut.  Col.  A. : 

report  on  the  construction  of  field  metal  carriages  for  3.2- inch  wrought- 
iron  breech-loading  rifles  at  the  Watervliet  Arsenal (Appendix  34)      539 

description  of  the  **  Piper  gin''  for  fleld  and  siege  guns (Appendix  35)      555 

Mortars  : 

trial  of  10-inch  rifled  mortars  Nos.  I  and  2 (Appendix  17)      171 

MULTICBARGE  GUN: 

the  flrings  with  the  Lyman-Haskell 16 

hammered  rings  (forgings)  for  repair  of  the  Haskell  gun (Appendix  29^      ASHX 

report  on  the  Lyman-Haskell V^fe:^^wi^v^*tfJ^^     ^^^^ 
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Muzzle  collar: 

for  d-inck  breach  loading  rifle 417 

National  Armory,  Mass.  : 

small-arm  manufactures 4 

a  milliDg-shop  estimated  for 5 

Nobel  oblatinb 226 

Obturating  primers: 

three  forms  of,  to  be  subjected  to  tests 1>^ 

Olsen  testing  machine  : 

test-s  of  billets  and  bars  for  a  wire-wonnd  gun 433 

Ordnance  Board: 

trialH  of  the  improved  Gardner  machine  gun (Appendix  18)  6,^ 

reports  of (Appendices  14  to  23,  inclusive)      23 

partial  trial  of  a  3.2-inch  steel  field  gun  and  carriage (Appendix  14)     141 

report  on  solid-baud  shell  for  3.2  inch  breech-loading  steel  gun  (Appendix 

15) IS 

report  on  shrapnel  and  shell  for  3.2-inch  g^un (Appendix  16)      13 

trial  of  10-iuch  rifled  mortars  Nos.1  and  2 (Appendix  17)      171 

progress  report  on  explosive  gelatine (Appendix  19)     21S 

report  on  the  Lyman-Haskell  mnlticharge  gun (Appendix  20)     231 

Ordnance  Department: 

the  furnishing  of  arms,  S^c.f  to  the  Army,  the  militia,  Marine  Corps,  the 
Executive  Departments,  the  colleges,  and  the  armament  of  the  se-a-cosst 

defenses 4 

proposed  10-iuch  steel  breech-loading  rifle (Appendix  38)     587 

the  barbette  carriage  for  15-lnch  smooth-bore  gun  and  11-inch  rifle  (Appen- 
dix 37)  585 

Ordnance  officers: 

name^  rank,  and  station  of  each  on  October  1,  1884 (Appendix  39)     S89 

Otis  Iron  and  Steel  Company: 

billet*  and  bars  for  wire  guns  procured  IVom ft,  9, 16, 17 

report  on  their  manufacture  of  billets  and  bars  and  a  steel  casting  for  gnu 
construction (Appendix  30)17.438 

Oxidation: 

report  on  the  oxidation  of  metallic  parts  of  the  Springfield  rifle  (Appen- 
dix 9)  77 

Parker,  Maj.  F.  H.  : 

report  on  the  manufacture  of  3.2-inch  breech-loading  steel  rifle  at  the 
Watertown  Arsenal (Appendix  33)     509 

Piper  field  and  siege  oin: 

description (Appendix  35)     555 

Plane-tables  : 

description  used  at  "The  Narrows,"  New  York  Harbor,  for  tracking,  drill, 
and  shot  plotting  in  artillery  practice (Appendix  13)     126 

Powder  depot: 

report  of  principal  operations  at  the  United  States  powder  depot  during 
the  fiscal  year  1884 (Appendix  11)       S7 

Powders,  prismatic: 

the  manufacture  of,  in  this  country 17 

Powder  and  projectiles: 

statement  of  sales  and  purchases  during  fiscal  year  1884 (Appendix  8)      76 

Primers,  obturating: 

three  forms  of,  to  be  tested 13 

Principal  operations: 

at  the  Rock  Island  Arsenal (Appendix  10)      79 

at  the  United  States  powder  depot (Appendix  11)       ^ 

Prizes.     (*S^  Rewards,  &c.) 

Progress  reports  (See  *^  Guns,"  **  Reports  ") : 

on  explosive  gelatine (Appendix  19)     215 

of  trials  of  a  3.2-inch  steel  field  gun (Appendix  22)      277 

upon  the  manufacture  of  fifty  8-inoh  coiled  wrought-iron  tubes  (Appen- 
dix 27)  A_.      335 

Projectiles  (Ste  Eureka  projectiles) : 

report  on  the  manufacture  of  one  thousand  two  hundred  for  life-saving 

guns (Appendix  28)      389 

conHtruction  report  of  3  and  4iinch  projectiles,  with  Butler  sabot,  for  muz- 
zle-loading rifles (Appendix  32)      437 

Proposed  10-inch  oriN: 

drawings  of  a  proposed  10-inch  steel  breech-loading  r  ifle ....  (Appendix  ^)     587 
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Pbotkction  of  torpedo  lines 18 

pokchasbs : 

statement  of  principal  articles  proonred  by  purchase  during  the  fiscal  year 

1884 (Appendix  2)        34 

Range  finding  : 

material  required  at  each  post  to  be  furnished  by  the  Ordnance  Depart- 
ment for  range  finding  and  target  practice (Artillery)      131 

instructions  for  range  finding  during  artillery  practice 134 

Rear  sight  : 

description  of  the  rod  bayonet,  front  and  rear  sight,  for  the  Springfield  riflCi 

model  1884 (Appendix  12)      109 

Reports: 

of  the  Ordnance  Board;  partial  tiial  of  a  3.2-inch  breech-loading  steel  rifle 
(Appendix  14) 141 

report  on  solid-band  shell  for  3.2-inch  breech-loading  steel  gun  (Appen- 
dix 15) 156 

report  on  shrapnel  and  shell  for  3.2-inch  breech- loading  steel  g^on  (Appendix 
16) 163 

trial  of  10-inoh  mortars,  Nos.  1  and  2 • (Appendix  17)      171 

trial  of  the  improved  Gardner  gun,  caliber  .45 ( Appendix  18)      203 

progress  report  on  explosive  gelatine (Appendix  19)      215 

report  on  the  Lyman-Haskell  multichar^e  gun (Appendix  20)      231 

of  the  Board  far  Testing  Rifled  Cannon;  tnal  of  an  8- inch  muzzle-loading  rifle, 
lined  with  a  steel  tube,  converted  from  a  10-inch  smooth-bore  Rodman 
gun (Appendix  21)      244 

trial  of  a  3.2-in(ih  breech-loading  steel  rifle (Appendix  22)      277 

trial  of  11.  F.  Mann's  6.5-inch  breech-loading  rifled  cannon  (Appendix  23)      293 
Reports  on  ordnance  construction.    (Appendices  24  to  36,  inclusive.) 
Reports : 

principal  operations.  Rock  Island  Arsenal (Appendix  10)        79 

principal  operations.  United  States  powder  depot (Appendix  11)        87 

Repair  of  multicharoe  gun< 

forgings  (hammered  rings)  for  the  Lyman-Haskell  gun (Appendix  29)      423 

Rewards  : 

for  target  marksmanship,  gold  and  silver  medals,  sharpshooters'  bronze 

crosses  and  marksmen's  pins  provided 5 

Rifles  {See  Guns) : 

proposed  10-inch  steel  breech-loading (Appendix  38)      587 

Rings,  hammered  {See  Forgings) : 
Rod  bayonet: 

new  arrangement  for  bayonet  and  attachment  tor  Springfield  musket 5 

description  of,  for  the  Springfield  rifle,  model  1884 (Appendix  12)      109 

Rock  Island  Arsenal  : 

an  increase  of  appropriation  for  care  of,  urged 

report  of  principal  operations  during  fiscal  year  1884 (Appendix  10)        70 

Rock  Island  bridge  : 

statement  of  traflUc  over,  for  fiscal  year  1884 (Appendix  10)        85 

Rubber  buffer: 

used  in  firing  explosive  gelatine  in  shells 226 

Sabots,  Butler  : 

construction  report  of  3  and  4^  inch  projectiles  with  Butler  sabot  for  muzzle- 
loading*  rifles (Appendix  32)      487 

the  manufacture  of  the  Butler  sabot  for  muzzle-loading  projectiles  (Appen- 
dix 32a)  497 

Sea- coast  carriages: 

alterations  of 14 

Sharpshooters'  bronze  crosses  : 

distributed  to  the  Army  as  authorized  by  General  Order  No.  12  of  1884,  Ad- 
jutant-General's Office 5 

Shell.    (<See  Solid-band  shell.) 

Shot  plotting  (5m  Artillery  practice) 126 

Shrapnel  and  shell  : 

report  on,  for  the  3.2-inch  gun .* (Appendix  16)      163 

Siege  gin  : 

description  of  the  "Piper" (Appendix  35)      555 

Sights,  front  and  rear  : 

description  of,  for  the  Springfield  rifle,  model  1884 (Appendix  12)      109 

Small-arms  : 

the  number  of  rifles,  carbines,  and  shot-guns  manufactured  at  the  National 
Armory,  Massachusetts,  during  tbe  fiacal^eat  \  «A^o  o>i\i«tVvQi^;x«^^^^)c^^>^^^*         ^ 
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Smith,  Capt.  C.  S.  : 

services  in  the  oonstrnction  diyision  commended !l 

Springfield  rifle  : 

oxidation  of  the  metallic  parts (Appendix  9)       7T 

description  of  the  rod  bayonet  and  attachment,  front  and  rear  sight,  model 

1884 1 (Appendix  12)      108 

Solid- BAXD  shell  : 

report  on,  for  3.*i-inch  steel  gnn (Appendix  15)      136 

South  Boston  Iron  Works: 

report  on  the  physical  properties  of  materials  used  in  gun  constmction  (Ap- 
pendix 31)  481 

report  on  the  fabrication  of  500  8-inch  Eureka  cored  shot (Appendix  32b)     501 

Stations  and  duties: 

posts  and  niiiuber  of  officer  stationed  at  each 4 

rank,  name,  and  station  of  each  officer  on  October  I,  1884  .  ..(Appendix  39)      5d9 
States  and  Territories  : 

issues  of  stores  to,  under  the  law  for  arming  and  equipping  the  militia  (Ap- 
pendix 5) 67 

issues  of  stores  to,  under  joint  resolutions  of  Congress  .... (Appendix  6)       73 

Steel- PRODUCING  works  : 

the  appointment  of  select  committees  of  Senators  and  Representatives  to 

inquire  into  the  capacity  of  those  in  the  United  States 7 

Steel  {See  Forgings): 

preliminary  physical  tests  of  steel  castings  for  an  8-inch  or  10-inch  gim  fur- 
nished by  the  Otis  Iron  and  Steel  Company 16,17 

steel  carriages  for  field  guns - 30 

st/cel  guns — the  3.2-inch,  breech-loader — results  of  trials 18, 19 

report  of  mechanical  tests  of  billets  and  bars,  and  a  steel  casting  for  a  wire- 
wound  gun , r  Appendix  30)      433 

report  on  the  manufacture  of  steel  at  the  Midvale  Steel  Works,  Nicetown, 

Philadelphia,  Pa (Appendix  29)     415 

report  on  the  manufacture  of  steel  by  the  Otis  Iron  and  Steel  Company 

(Api>endix  :») 433 

Whihcorthy  te8t«  of,  with  the  United  States  testing  machine. (Appendix  36)     557 
forgings,  hoops,  hammered  rings,  tubes,  breech  cup,  muzzle  collar,  breech 
mecnanistn  for  l*2-inoh,  10-inch,  and  8-inch  breech-loading  rifles,  castings, 
&c.     («Sw  Forgings.) 
Steel  field  gun  and  carriage: 

partial  trial  of  3.2  inch (Appendix  14)      141 

progress  report  of  trials  of  3.3-inoh  gun (Appendix  23)     377 

Steel  rifle  : 

report  on  the  manufacture  of  a  3.2-inch  steel  breech-loading  rifle  at  the 

Watertown   Arsenal (Appendix  33)      509 

a  proposed  10-iuch  breech-loader (Appendix  38)      587 

Target  practice: 

rewards  for 5 

artillery  target  practice,  report (Appendix  13)      113 

new  work  on  Inrgei  firing  is  being  prepared  by  Capt.  S.  £.  Blnnt,  Ordnance 

Department 5 

material  required  for  artillery  target  practice  at  each  post  (Appendix  13)      131 
Territories.    ( See  States. ) 
Tests.     (See  United  States  testing  machine.) 
Testing  machine.     {See  United  States  testing  machine.) 
Testing  Rifled  Cannon.    {See  Board  on,  &c.) 

report  of  Board  on  8-inch  muzzle-loading  rifled  gun  converted  from  a  10- 
inch  smooth-bore  Rodman  gun  by  lining  with  a  steel  tube. (Appendix  21)      344 
progress  report  of  trial  of  3.2-inch  breech-loading  rifle  (steel)  neld..( Ap- 
pendix 22)  377 

report  of  trial  of  H.  F.  Mann's  6.5-inoh  breech-loading  rifled  cannon  (Ap- 
pendix 23) 395 

Torpedo  lines  : 

protection  of 18 

Trials  OF  GUNS.    (iSee  Guns,  Reports,  Boards.) 
Turks  {See  Forgings): 

]>rogress  report  upon  the  construction  of  fifty  8-inch  coiled  wrougbt-iron 
tubes,  breech  insertion,  for  conversion  of  10-inch  Rodman  smooth-bore 

guns  into  8-inch  muzzle- loading  rifles (Appendix  37)      335 

special  report  in  regard  to  one  oithe  fifty  8-inch  coiled  wrought-iron  tabes 
(Appendix  27a) 347 
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Tubes — Continned. 

report  upon  the  construction  of  converted  8-inch  rifle  No.  39,  and  examina- 
tion of  defect  in  coiled  wronght-iron  tuhe  No.  39  (original)  (Appendix 

5276) 350 

United  States  powder  depot: 

report  of  principal  operations  during  the  fiscal  year  1884..  .(Appendix  11)        87 
United  States  testing  machine: 

the  report  of  tests  of  iron,  steel,  &,c.,  for  the  year  by  Maj.  F.  H.  Parker 22 

report  of  mechanical  tests  (tension)  of  Whitworth  steel j  from  tube  of  Mann 

gun 314 

tests  by  tension  of  ei^ht  steel  specimens  from  forgings  from  Mann  gun  ....       323 
recoids  of  tests  of  metal  from  ten  bronze  gun  castings,  made  at  Watertown 

Arsenal  (2^-inch  life-saving  guns) 389 

ten  specimens  (bronze)  from  West  Point  Foundry 403 

forgings  for  tube,  breech-cup,  and  muzzle-collar  for  8-inch  converted  gun 

(Midvale  steel) 417 

rolled  and  hammered  hoops 424 

breech  mechanism  of  12, 10,  and  8-inch  breech-loading  rifles 428 

tests  of  the  steel  manufactured  by  the  Otis  Iron  and  Steel  Company  (tables 

of  tests) (Appendix  30)  435-479 

tests  of  the  physical  properties  of  material  for  gun  construction  of  the 

South  Boston  Iron  Works (Appendix  31)      481 

tests  of  Whitworth  steel  for  8-iuch  breech-loading  rifle  and  12-iuch  rifled 

mortar (Appendix  36)      557 

tests  of  Midvale  steel (Appendix  29)      415 

Water  power: 

work  on  the  water  power  at  Rbck  Island  Arsenal  for  the  fiscal  year  1884 

(Appendix  10) \ 85 

Watertown  Arsenal: 

report  of  manufacture  of  3.2-inoh  breech-loading  rifle (Appendix  33)      509 

Water VLiET  Arsenal: 

report  on  the  construction  of  fleld  carriages  for  3.2-inoh  wronght-iron 

breech-loading  rifles (Appendix  34)      539 

West  Point  Foundry: 

construction  report  of  3  and  4.5  inch  projectiles,  with  Butler  sabots,  made  at 

West  Point  Foundry (Appendix  32)      487 

report  on  Butler  sabots,  manufactured  at  West  Point  Foundry  (Appendix 

:52a)  497 

Whitworth  steel:' 

delays  in  obi  aining 9 

tests  of,  with  the  United  States  testing  machine (Appendix  36)      557 

Wire  ouns  : 

steel  billets  and  bars  for 8 

WooDBRiDOE,  Dr.  W.  E.  : 

furnishes  plans  for  the  wire-winding  of  a  10-inoh  breech-loading  rifle,  cast- 
iron  8 

method  of  annealing  specimens  of  billets  and  bar  (steel)  for  a  wire-wound 

gun 433,434 

Tates  gun,  8-INCH  CAUBBR  \  .g 

Yates  BREECH  MECHANISM   \  ^^ 
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